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wy (or Production Forging 


‘Surface’ High Speed Heating installation in a leading 
automotive forge plant. 


BALLET HEATING FURNACE 
A STOCK & 


‘Surface’ High Speed Heating Furnaces have - bone ———— 
: r wiry 2. FORGING PRESS 

been making performance records wherever they Rim PRESS 

. . . . - , TRIMMED FORGING 
have been installed in leading production forging F ONVEYOR 

. . 5. TOTE 80 
plants. Increased production ... better quality ; 
of product and work .. . improved working con- 
ditions, all without added floor space, combine 


to make these furnaces the choice over other ; PERFORMANCE DATA 
heating methods. 





PART. Steering knuckle support 
Now, you can create New Profits in Produc- RATED CAPACITY OF FURNACE 


tion Forging by converting to ‘Surface’ High pores co tg ~ 
7 " . - x 4 x 4 
Speed Heating. More descriptive data on the REMARKS 

high speed combustion system, the furnace unit, Die life increased 16 


° . Sere loss | than 2 
application and comparative costs are available va papictargs 


‘ a" Maintenance iess than $3 /ton 

in ‘Surface’ Bulletin SC-144. Write for your FURNACE: Automatic pusher type equip- 

copy today! ped with dampers for atmosphere 
s . control 





SURFACE COMBUSTION CORPORATION ® TOLEDO 1, OHIO 


FOREIGN AFFILIATE 
Stein & Rovboix, Poris One s British Furnaces, lid, Chesterfield 


INDUSTRIAL FURNACES 


FOR: Gos Corburizing ond Carbon Restoration (Skin Recovery), Homogeneous Carburi- 

zation, Clean ond Bright Atmosphere Hardening, Bright Gos-Normalizing and Anneal- 

ing, Dry (Gos) Cyaniding, Bright Super-Fast Gos Quenching, Atmosphere Malleableizing 
ond Atmosphere Forging. Gas Atmosphere Generators. 





THIS 
ISSUE 


Strategic Metal 
columbiam must be conserved 


More than 50 metallurgists in chemical. 
petroleum, aircraft engine and other 
consuming industries recount successes 
and failures with 18-8 stabilized with 


titanium rather than columbium 


Titanium 


the glamereus light metal 


Shop methods for casting and forging 
Mortar base plates and jet 


engine disks now in production 


Steel Supplies 
will refleet iren ore shertages 


Campbell Memorial Lecturer discusses 


practicable methods of increasing ore 


anes 


supplies and blast furnace productivity 


Nodular fron 


malleable as-cast. without an anneal 


wn 


Basic lined cupola can make the exces 
sively low sulphur iron required for 
nodular castings. Wide future pre- 


dicted for a variety of allied products 


Metallography 
new metheds fer new metals 


Zirconium: p. 709 Films on alu- 
minum: front cover and p. 713 
Intensification of contrast: p 


Notes on etching methods: p 


Complete Table of Contents on p. 689 


Flip 
the Flap— 





As I was saying — 


Sige MONTH Ill tell you about “Two Won- 
derful Guys”. So here goes 

I am one of those guys (not the guys I am 
writing about) who puts a mortgage on his farm 
so that he could have free enterprise and do just 
as Mrs. Bill wanted him to do and that was to 
purchase seats for “South Pacific”. It would have 
been less expensive to have purchased tickets 
to, rather than for, the South Pacific! However, 
we felt fully repaid (although the morts 
isn't) and I enjoyed particularly seeing gorgeous 
Mary Martin “Wash That Man Right Out of Her 
Hair”. But Mill kept remembering and humming 
Mary’s other hit song, “I'm in Love with a Won- 
derful Guy” and Mill meant Ezio Pinza (not 
me ) 


But | am one up on her because as | was 
saying, | know two wonderful guys. One of them 
comes by the title “Guy” naturally (it’s his given 
name) and the other guy had to work hard and 


magnificently to acquire the title 


It's Guy Wainwright in the post position, 
president of Diamond Chain Co., Indianapolis, 
and it’s Arthur Focke, his chief metallurgist, and 
the immediate past president of @, who consti 
tute the “great guy” twosome 


Art has given himself to the Society He 
served four years on the Board of Trustees in 
preparation for the presidency and when his 
year came he entered into it with a vim and 
vigor that had the Secretary out of breath most 
of the time in his effort to keep up. Visiting 50 
chapters in one year is a Herculean undertaking 
and all are happy that Art crossed the finish line 
with health unimpaired. Art left an imprint on 
every chapter before which he appeared. His 
counsel at the various local Executive Committee 
meetings sprang from his experiences as a chap 
ter officer and a teacher and an educational 
director. He proved to thousands that he was a 
wonderful guy 


rhe other Guy fits right into the picture. He 
made it possible for Art to devote the tremen 
dous amount of time to do a fine job. Guy has 
been an ASMember for over 30 vears joining 
soon after his return from metallurgical studies 
abroad. He is an example of a metallurgical 
engineer going to the top and a top executive 
who is glad to provide the time so that Art could 
serve the twenty thousand members of the @ 


So many thanks to both of you from all of 
the Society. Yes, indeed, a great pair and “Two 
Wonderful Guys’ 


W. HH. Eisenman cretary 
American Society for Metals 





BUILD YOUR MARKETS IN THE WEST 


Once again. western 
industry is on the march! 


Now — when it is most 
essential to greater pro- 
duction—comes the 
timely Western Metal 
Exposition and Congress. 
This is your opportunity 
to sell and to serve this 
great western market. 


SHOW — how to use 
your product most 
efficiently. 


TELL—about new 
and improved prod- 
ucts that will achieve 
greater industrial 
output. 


WITH THE 








WESTERN 
METAL 
EXPOSITION 


March 19-23, 1951 
Oakland, 


California 








Reserve your display 
space now and join in 
this important western 
event. 


Write or wire collect 
today for floor plans and 
complete information — 
W. H. Eisenman, Man- 
aging Director, Western 
Metal Exposition, 7301 
Euclid Avenue, Cleve- 
land 3, Ohio — phone 
UTAH 1-0200. 


WESTERN METAL EXPOSITION 


OAKLAND, CALIFORNIA 
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Is Heat Shock WARPING 





The extreme flexibility of these PSC 
jointed trays prevents self-destruction from warping 
and cracking. Most frequently used in roller or rail 
type brazing furnaces, these PSC units are recom- 
mended for use wherever higher-than-usual temper- 
They are now standard 
with over a score of the largest automotive and 


atures cause tray trouble. 


metal-working firms. 

PSC flexible trays are made in any length or 
width by assembling sheet alloy channels with tube 
In addition to Flexibility, their light weight 


is another important source of operating savings. 


spacers. 


By eliminating many pounds of production-losing 
weight, PSC sheet alloy trays cut fuel costs and 
brazing cycles. 

The unit pictured above, fabricated of Inconel, 
is 24 x 36 in., weighs about 50 Ibs., and handles 
loads up to 80-90 Ibs. However, we have made these 


trays in a dozen different sizes, and in as many differ- 
ent modifications of design to suit specific applica- 
tions in brazing and other heat-treating operations. 

As pioneer of light-weight sheet alloy heat- 
treating equipment, we offer you a wealth of ex- 
perienced engineering assistance. The services of 
our technical staff are freely available. 


Light Weight Weat-Treating Equipment for Every Purpose 


Carburizing and Annealing Boxes 
Baskets . Trays - Fixtures 
Muffles - Retorts . Racks 
Annealing Covers and Tubes 
Pickling Equipment 


Tumbling Barrels . Tanks 
Cyanide and Lead Pots 
Thermocouple Protection Tubes 
Radiant Furnace Tubes and Parts 
Heat, Corrosion Resistant Tubing 


PSC standard or special heat-treating equip- 
ment is furnished in any size or design. We fabricate 
the complete list of alloys, permitting you to choose 
the metal that is “alloy right” for your heat and 
corrosion 


requirements. Send blue prints or 


write as to your needs. eer 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 


OFFICES 


IN PRINCIPAL CITIES 
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The Microcarb Control for the new Series H Homocarb Furnace occupies pane! at leit in above photo, next to the usval temperature contro! 
panel. (1) is the Carbohm primary element; (2) the Microcarb controller for carburizing atmosphere; (3) the Micromax Atmosphere Recorder 


Now! 


Users of the Series H Homocarb furnace equip- 


ment can regulate steel surface carbon content 
as easily, automatically, as temperature is con- 
trolled. Now, for the first time, carbon content of 
furnace atmosphere can be continuously regulated 
for the desired type of controlled surface carburiz- 
ing, homogeneous carburizing, carbon restoration 
and annealing. 


This new feature is called Microcarb Control. It 
consists of three units: (1) a carbon detecting pri 
mory element...called a Carbohm...located right 
in the furnace work chamber; (2) Microcarb Con- 
troller which regulates throughout a range of 0.15 
to 1.15% of carbon; (3) Model S Micromax Re- 
corder, which gives a continuous and permanent 


Lx} 


MEASURING INSTRUMENTS ~- TELEMETERS 


Carbon content of steel surfaces 


AUTOMATICALLY CONTROLLED 


in Homocarb Furnaces 


record of per cent of carbon in furnace atmosphere. 

Microcarb Control automatically regulates the 
flow of Homocarb fluid so as to control the carbon 
potential of the furnace atmosphere. This means 
the surface chemistry of the steel being treated 
can be either maintained or changed to give any 
desired carbon content. Microcarb Control added 
to the Series H Homocarb furnace, with its many 
important features . . . its solid bottom retort, new 
fan housing and work support, aerodynamically 
designed vanes and discharge jets . . . makes the 
furnace equipment a superior tool for improving 
quality and cutting costs of heat treatment. 

For further information, write us at our nearest 
office or at 4927 Stenton Avenue, Philadelphia 
44, Pennsylvania. 


AUTOMATIC CONTROLS + HEAT-TREATING FURNACES 


mt |EEDS & NORTHRUP CO. 
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OVERSIZED COMPONENTS 
into every Lindberg | 
nd hundreds of “bonus | 


Mer i il Manning, vice president of SAFETY OVERLOADS 
‘ hampion DeArment says, hat we like 

about the Lindberg Induction Heating erentu y | tect bole equipmetr t 

Lait is its accessability for inspection 

and preventative maintenance. It has been nist human error “CHECKLITE” TROUBLE SHOOTING 
used 8 hours _ day since its installation icon, anemia 


and we have had practi ally no mterrup 


tion of production 


LINDBERG 
HIGH FREQUENCY DIVISION 
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Wade from steel developed by Finkl, these quenched and tempered die blocks are ready 
to hammer away at production records. The blocks are water quenched which develops 
deep hardness penetration characteristics with uniformity of hardness at each level. Such 
treatment also promotes good machinability, toughness, ductility, and the blocks are highly 
resistant to checking and washing and free from temper britileness 

Should your die needs require high resistance to abrasion, high hardness ratings, or if 
you are confronted with any difficulties in forming ferrous or non-ferrous metals, Finkl has 

lie block for your application, and a service engineer to help with your problems 

For over 70 years Finkl has produced quality products. This experience and knowledge 

available to you in planning your forging production. Call or write any of the offices 


listed below 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVENUE + CHICAGO 14 


* SOW BLOCKS *© CRANKSHAPFTS 


DIE BLOCKS AND INSERTS * PISTON RODS & RAMS 
o o 


FINK. STEEL PROOS f 


te 
INDUSTRIAL STEEL, INC 


250 Bent Street, Combridge 41. Me 
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GAS CARBURIZING 
TRAYS 


ta Tudustry! » 


The design of gas carburizing trays and 
fixtures to obtain maximum service life 
requires a thorough knowledge and under- 
standing of 

® the effect of temperature differentials 
of each application. 
effect of black body conditions of 
each specific loading 


effect of square corners and small radii. 
effect of unequal sections 


effect of cooling rates in the mold, the 
furnace, and the quench tank 


plus a complete knowledge of foundry 
techniques to obtain the highest qual- 
ity castings. 


Hundreds of trays are being used by 
ndustries with unnecessary designed-in self- 
fatiguing stresses which are costing the con- 
sumer thousands of dollars per year through 
decreased service life. 


If you are interested in lower heat-hour 
costs, call an ACCOLOY ENGINEER for an 
honest analysis of your problem. There is no WE Ake: Sree ee — 
obligation on your part 


CHAIN 


ROLLER RAILS CARBURIZING BOXES SALT POTS 


ALLOY ENGINEERING & CASTING COMPANY 


WEAT RESISTANT CASTING ALLOY CASTING CO. (vIvision) 


CHAMPAIGN, ILLINOIS 


CERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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MICROCASTING 


Eliminates 15 machine Operations 


AT 1/3 THE COST 


Unerocost Pa 
NZaAtion. 
_ 


Oy: 


Weighy. 


> 


Microcast components of intricate shape 
may be produced of the extremely hard, 
high melting point alloys because as cast 
they are dimensionally uniform, of sound 
structure and to such close tolerances that 
little or no machining is required. 


WRITE FOR FREE BOOKLET—More complete infor- 
mation on the Microcast Process is con- 
tained in a 16-page booklet which describes 
many applications tor Microcast, specifica- 
tions and a step-by-step explanation of the 
process itself. Write for this valuable 
booklet today! 


Knite; 
tellite Me mitery 


ng Knife 


Grams 


y| 


[itt 


MICROCAST DIVISION 
AUSTENAL LABORATORIES, INC. 
224 East 39th Street *« New York 16, New York 
715 East 69th Ploce . Chicege 37, Iilinois 
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metal éleaner SC-9 


| Lie gama ag 

| Nenana to at and mate _ applied with brush, 

Be ea ua Wika weenie: oo 
Pigmented, semi-emulsion compound performs the toughest 
Se aiiiliety—a; nbs aati @ beige ya 


Palla lid wan tie eecdiibedd Miles dain wm 
FLUID-FILM in pressure washing equipment with Northwest 
Metal Cleaner SC-9. it has been on the market for years and 
is thoroughly plant proven for all washing machine use re- 
_ gardiess of application. SC-9 is still one of the lowest 


/lpfhesd ‘deoners in spite 6f the olkali price increase . 


te eee 


stor 


NORTHWEST 
2s 


9310 ROSELAWN 
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with TIMKEN 


, | ‘HE uniform forgeability of Timken” forging steels, 
plus their superior surface and internal quality, 
gives you better finished forgings at lower cost. 


From bar to bar, heat to heat, Timken forging steels 
have uniform chemical and physical properties, uni- 
form response to heat treatment, uniform machinabil- 
ity. As a result, your rejects are reduced. You have 
fewer delays and shop-practice changes to boost costs 
And the performance of your forgings is consistently 
good. 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 


forging steels! 


That's assured—because Timken steels are tailor- 
made to your specifications, under the most modern, 
precise quality control methods known. What's more, 
every fifth man in the mill spends full time on inspection 


For help with your problems, get an on-the-job 
analysis by our Technical Staff. No obligation. Also 
write on your letterhead for our authoritative, 112-page 
book, “Evaluating the Forgeability of Steels”. The 
lrimken Roller Bearing Company, Steel and Tube Divi- 
sion, Canton 6, Ohio. Cable address: ““TIMROSCO”, 





CORROSION RESISTANCE, PAINT ADHERENCE, 
FINAL FINISH...BRIGHT, CHROME-LIKE OR COLORED 


The only complete line of patented chromate- COLORS: Black, Red, Blue, Green 


dip treatments to meet your particular 
PROCESS METHOD: Simple dip chemical 


finishing problem. . 
we ; immersion for a matter of seconds 
lridite quality is tops in corrosion resistance 


and paint bond. Iridite finishes are first SURFACES: Zinc or cadmium: plated, die 
in wide selection of coatings: cast, galvanized or sheet 


BRIGHT: Chrome-like in appearance COST: The smaller fraction of a penny does 
BRONZE: Natural as bronze itself a square foot of surface 


OLIVE GREEN: A popular replica of Military FREE—Write for literature and samples, and 
Olive Drab for immediate action, send us a sample of 


the product you wish to process, along with 
HUE BRITE: Clear; eye-appealing iridescence the outline of your problem. 


SPECIAL PROCESSES — Research and new developments in general 
metal finishing are being carried forward as manufacturers present new 
finishing problems for us to work out. Let us go to work on yours. 





IRIDITE LICKED THESE FINISHING PROBLEMS—Woshing Machine Ports @ Radio 
Equipment @ Kitchen Utensils @ Aircraft Parts @ Lock Hardware @ Office Machines © 
Window Frame ending Machines @ Tools @ Lomp Fiatures @ Fuel Pumps @ Corby 
retors @ Auto Hardwore @ Zinc Coated Sheet @ Hinges, Screws, Bolts @ Camera Ports 
@ Plumbing Fixtures @ Wall Ponels @ Refrigerator Parts @© Wire Products @ Instrument 


Parts @ Electrical Eavioment @ Armed Forces Materiel 








West Coast Licensee—L. H. Butcher Company, Los Angeles 23, Cal. © Other Licensees in South Africa, South America, Australie 
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THIS TIRELESS METAL THAT KEEPS GAUGES HONEST 
MAY REVOLUTIONIZE YOUR PRODUCTS 





se 0,000 lic < 

p 0 0,000 (3 
ar eodninne : RIVERSIDE 

nd selviee Your oesiiades aaamat 7 ae ALLOYS 





“Moye dtoeloped by research, proved by ube 











a 


— 





phosphor 
bronze 


nickel silver 
cupro nickel 
beryllium 


copper 


QUENCHING 
PRESERVES THE QUALITY! 


The degree of control exercised in quenching heat-treated metal 
determines the amount of time and materials wasted by sub- 
standard rejects ... and ultimate operating costs! 


You can be sure of better results if you rely on a B & G 
Hydro-Flo Oil Quencher. The temperature desired in the quench 
bath will be accurately maintained throughout the quench 
period. The oil will be strongly agitated to avoid formation of 
gas bubbles which cause irregular surface hardness. Your 
product will emerge aniform in quality—every time! 

While B & G Hydro-Flo Oil Cooling equipment can be pur- 
chased in separate units for assembly on the job, many heat- 
treaters are buying B & G Self-Contained Coolers. The ad- 
vantages are obvious—all parts are factory-assembled into one 
complete unit, ready for immediate installation. 


Bring your quenching problems to the B & G engineering de- 
partment—there’s no obligation in discussing them 


B & G Series “OC” Hydro-Flo Oil Cooler 


Completely my ery ce Rg om with 
Cooler, Pump, Motor, Strainer and Controls. 
Capacities to 2000 Ibs. of steel per hour. 


a apaay | | 


a a an 2 


-_— | 


A complete line of flexible and close-coupled 
centrifugal pumps. Send for engineering data. 


Hydre-Fio OIL QUENCHING SYSTEMS 


BELL & GOSSETT COMPANY 
Dept. BU-16, Morton Grove, Illinois 


Heat treoting equipment 
since 1916 
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DGE-HOLDING KNIVES of Sharon STAINLESS steel 

assure Grind-O-Mat owners fine cutting performance 
forever. Juices of the strongest variety will not harm the 
blades. The dense STAINLESS surface cleans easily, stays 
sanitary. STAINLESS steel has enabled Rival to build a 
better-performing, longer-lasting, better-selling product 

The beautiful new Rival Grind-O-Mat has everything 
base that firmly grips any smooth surface without clamps 

large, round food hopper that fits the hand and slopes 
for food drainage, detachable for quick rinsing smooth 
attractive exterior, easy to keep sparkling clean and 
cutting knives of edge-holding, non-rusting STAINLESS 
STEEL. No wonder folks who have used the new Grind 
O-Mat say “It's the ‘grindingest’ grinder ever! 

Sharon STAINLESS makes any product a better pro 
duct. Think about STAINLESS for your particular use 
and when you do think of Sharon _ pioneer and prime 
producer of fine steels for fifty years. Fabrication in 
formation, engineering data upon request 





SHARON STEEL CORPORATION Sharow, F-eantyloania 


PRODUCTS OF SHARON STEEL CORPORATION AND SUBSIDIARIES: THE NILES ROLLING MILL COMPANY, NILES, OHIO; DETROIT TUBE AND STEEL DIVISION, DETROIT, 
MICHIGAN; BRAINARD STEEL COMPANY, WARREN, OHIO; SHARONSTEEL PRODUCTS COMPANY, DETROIT, MICHIGAN, AND FARRELL, PENNA; CARPENTERTOWN COAL 
& COKE CO... MT. PLEASANT, PENN FAIRMONT COKE WORKS, FAIRMONT, W. VA.; MORGANTOWN COKE WORKS, MORGANTOWN, W. VA; JOANNE COAL 
COMPANY, RACHEL, W. VA. Hot 4 4 Strip § ‘ 


Annealed and Deosidized Sheets—Galvanized Sheets—Enameling Grade Steei—Welded Tubing—Galvanized and Fabricated Stee! Strip 


i Rolled Stainiess Strip Steel—Aa y Strip Steel-—High Carbon Strip Stee Galvanite Specie ated Products—Cooperege Hoop 


Stee! Strapping, T s and Accessories 


DISTRICT SALES OFFICES hicag nnati, O eveland, O., Dayton, O., Detroit, Mich ndieneg t, Ind, Milwaukee, Wis, New York, NY. Philadelphia. Penne 
Los Angeles, Calif, San Francis St Louis, Mo, Montres! Que... Toronto, Ont 





Two type HD 2436 Hevi Duty Ver- 
tical Retort Furnaces in use at The 
Chain Belt Co., Milwaukee, Wis 


It’s the the Rebabilily 


of HEVI DUTY FURNACES 


that enables you to CUT the COSTS of 
case hardening parts for your product 


These versatile Hevi Duty Electric Furnaces at the 
Chain Belt Co., of Milwaukee are in daily use car- 


Top burizing, hardening, and annealing the many diver- 
ABLE! OP sified parts used in REX Chains. 
CHAIN P 


is heat-treated in modern Typical of the many heat treated parts are the 

HEVI DUTY FURNACES sections of the popular REX TABLE TOP conveyor 
oe en eon ae chain. Where minimum distortion during heat treat- 
add extra quality to Rex 


Table Top Chain, each sec ment is a necessity and accurate case depths must 


ti i h d 4 . . ° ° 
wie haa “ak ey eseaaenly be maintained, Hevi Duty Furnaces are first choice. 


Send for Bulletin HD 646 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEV1=DUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


a Hevi Duty Furnace 
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Red Cut Superior 


merica s bes nown tun mm eed 
c best k tungste’ h gh sp 
“ 


Qty, 
‘Onal/y hai. 
W 2? 


a ~ 
Red Cut Cobalt ~ 
Extra Duty—heovy cuts fost speeds, ha 
or abrosve mater als ell 
EY. paar with higher vonodwm- 
for increased tool life - 


‘VAN-LOM 


M denum dium steel! for all cut- 
olybdenv Vanadium st ° 
y 







»od for 
. specially goo 
ting too! purposes esp 


fine edge * 


8-N-Z 


m steel for all 
n-—Molybdenum $ 
Low tungste 


cutting tool purP ses 


Our Latrobe, Pennsylvania plant is the only steel] mill in the world 

- devoted exclusively to the manufacture of high speed steel.* No 

os M-? wonder you are assured of steels free from harmful segregation—free 

Vasco from harmful decarburization—free from contamination. No wonder 

en Vanadium-Alloys steels are the first choice of most manufacturers 

ne of drills, reamers, taps, broaches, milling cutters, form tools 
Neatro ——— chasers, counterbores 
Superior Wear Resistom 


erformance o er nats, 
forma > on-f ovs mote | 
Pp 


nosten denum neral rpose 
Tungsten-M ry baenvur genero pyrp 
ung ° 


i 


hobs, 
wherever maximum performance is a necessity! 
*Carbon and alloy tool steels are produced by 


5 steels 
+ steel, cast won heat trected 
cas 
———— 


Vasco Supreme 


Entirely New—higher hardness, 


Vanadium-Allo 
higher weor resistance, higher 
hot hardness, higher speeds 


YS 
\ | ¥ STEEL COMPANY 


LATROBE 


Colonial Steel Division 


at siel Stee! Divisios 


PENNA 


Anchor Drawn Steel C 





z 


nnouncing THE NEW 
vw” EB SPEED PRESS 


This Streamlined 
AB SPEED PRESS 


offers the metollurgist a new tool with the 











unparalleled qualities of precision workman- 
ship, speed and convenience in the prep 
aration of metallurgical specimens into 
plastic mounts. 

The new AB SPEED PRESS produces per 
fect Bakelite mounts in 2'2 to 3'2 minutes 
and may be used with 1”, 114” or 1'2” molds 

Our introduction of preheated Premolds 
has revolutionized the preparation of metal- 


lurgical specimens. 


The Premolds are dust-free, increase the 


\ 


convenience in handling, and are available 


at little extra cost. The Preheat Compart 


_ 
— 
~— 
= 
_ 
= 
= 
- 
= 
= 


ment reduces the curing time of thermoset 
molds to one-third of the time. The opera 
tion is controlled by Pyrometer, Timer and 
Thermostats 

These features in the new AB SPEED PRESS 


are destined to set a new mark in the 


’ 


development of metallurgical specimen prep 
aration. It provides all metallurgists with 
the most advanced press equipment for 
speed, convenience, and economy never 


known before 


No. 1330 AB SPEED PRESS, complete ’ No. 1330-2 AB SPEED PRESS complete, same 
mold assembly. thermostat controlled heater fc as No. 1330, except for | mountings. With 
110 volts A 600 watt, cooler blocks; 10,000-Ib directions $400.00 
capacity hydraulic jock; pressure govge. pyrom 

eter, timer desk, end pilet Mehta; premold No. 1330-3 AB SPEED PRESS complete, same 


assembly with heating compartment and ejector as No. 1330, except for | v ntings. With 


evers. With directions $380.00 directions $430.00 


THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT INCLUDES CuT-OFF 

MACHINES - SPECIMEN MOUNT PRESSES . POWER GRINDERS oe EMERY 

PAPER GRINDERS @ HAND GRINDERS o@ BELT SURFACERS @ MECHANICAL AND 
ELECTRO POLISHERS . POLISHING CLOTHS 7 POLISHING ABRASIVES 


METALLURGICAL APPARATUS U . wD 


165 West Wacker Drive, Chicage 1, Illinois 
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How Can You be Sure of Proper Selection 
of Super Refractories ? 


shows that the line 
of super refractories offered by The 
Carborundum Company 


The table below 


includes sev 
eral distinct product groups. Each has 
specialized characteristics 


important in both high 


equally 
ind low-ten 
Beyond  thes« 
are many modi 
fed varieties, each leveloped to better 


perature 


t asic groups however 


af plications 


withstand a particular combination of 
onditions Consequently, the selection 
of the best possible material for a 
given installation becomes involved 

It is for this reason that you should 
have no hesitation in asking for the 
of CARBORUNDUM field en 


s. These men have had wide ex 


issistance 


eer 


perience with super refractories and 
their ap} lication to many different types 
of furnaces and kilns 

Supporting the work of these field 
engineers is CARBORUNDUM’'S technical 
group. Not only is this group lose to 
both manufacturing operations and re 
search programs they are also u 
rouch with developments throughout 
involving ncw 


the world processes 


using super refractories These men 
have the broad product and applica 
tion knowledge that is most helpful in 
onsidering unusual new installations 

You can be sure of getting the right 
super refractory for your job when you 


bring your problem to CARBORUNDUM 


Physical Properties of Super Refractories by CARBORUNDUM 


Trade Mork 
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Proper Use of CARBOFRAX 
Checkers Can Increase Gas-Make 


With CARBOFRAX carbide 
checker brick properly applied in car 


silicon 


buretors, superheaters, and oil-gas gen 
erators by CARBORUNDUM field engi 
their 
operating 
osts. CARBOFRAX checkers, because of 
their high thermal conductivity and 


neers operators can increas 


vas-make ind lower their 


high emissivity, absorb more heat in 


less time. For the same 


heat is released to the gas stream more 


reasons the 


rapidly during regeneration 
With 


sreat density and low iron content 


their unusual refractoriness 
CARBOFRAX brick last longer and pro 
In other 
with CARBOFRAX brick you 
get better oil 


vide cleaner checker settings 
words 
increased 
lower checker main 
ind savings in the solid fuel 


ethcrency 
racking Capacity 


renance 


jig-saw — of CARBOFRAX Shapes! 


These are some of the pieces that made 
up a refractory lining 
CARBORUNDUM 


designed by 
engineers for a metal 
lurgical process. In all, there 
several thousand pieces and about 
1000 of them were of different keyed, 
fieted shapes 


were 


The problem was to furnish a lining 
that molten metal would not penetrate, 
that could withstand rapidly fluctuating 





"Carborandam,” “Carbotrax,”  Mallirax,’ 


Silfrax 


“Alfrax” ave registered trademarks which indicate manulacture by The Carborundum ¢ 


m pany 


dence to: Dept. C-110, THE CARBORUNDUM COMPANY, Refractories Division, Perth Amboy, New Jersey 


Continued on other side —> 








+— Continued from other side 
pressures, and chat would perform 
under unusually high temperatures 
CARBOFRAX silicon carbide tile was the 
answer in special and intricate 
shapes which would fit the complicated 
shell. With elbows and bends, every 
piece had to be keyed to fit, with ac 
curate tight joints — and the completed 
lining mechanically stable 

The result? An amazing performance 
record, far surpassing any previous 
lining — more proof of what the cor 
rect grade of CARBOFRAX materials will 
do when engineered to the job. 


Kiln Furniture Designed by 


CARBORUNDUM Engineers 
Improves Performance 


These are the advantages a sanitary 


ware producer reports from using CAR 
BOFRAX silicon carbide tile and CAR 
BOFRAX streamlined posts in this car 
Structure laid out by CARBORUNDUM 
engineers 


Greater loading capacity With 
thin CARBOFRAX slabs and streamlined 
posts, there is more Space for setting 
ware, Placing, too, is easier 


Fewer rejects The clean CARBO 
FRAX kiln furniture prevents ware 
marking. Even after long service, there 
is no dripping and blistering 

Less frequent rebuilds With CAR 
BOFRAX furniture, cracking and warp 
ing are practically eliminated. Post 
deformation is no problem. Replace 
ment and maintenance expenses are 
reduced to a minimum 


The properties of CARBOFRAX tle 
and posts make them unique for such 
applications. With high hoe 
strength, they can support heavy 
without With their eo 
resistance to heat 
will not crack prematurely Them 
thermal conductivity means quick 
form heat transfer. All in all, they will 


increase production and low: osts 


their 


sagging 


tional shock 


Small Oven Furnaces —- Perform Better 
When Super Refractories Are Properly Used 


Increased production and operating 
economies almost always follow the 
installation of a CARBOFRAX hearth in 
a small oven furnace. The high thermal 
conductivity of this super retrac tory 
means rapid heat transfer, with quicker 
temperature come-back after charging, 
ind more uniform heat distribution 
throughout the chamber. With cold 
Spots eliminated there are tewer re 
jects. Maintenance expense, too, is 
cut with its high resistance to me 
and to cracking, a 
CARBOFRAX hearth lasts longer 


chanical abrasion 


For Melting Furnaces, Too 
Let CARBORUNDUM Engineers 
Select Your Lining » 


Non-ferrous metal melting furnaces 
such as shown in the drawing at right 
almost invariably give better results 
when properly lined with CARBOFRAX 


silicon carbide shapes 


Lining costs come down With 
their high resistance to spalling crack 
ing and flame erosion, CARBOFRAX lin 
ings last longer. Lining costs are lower 


per pound of metal melted 


Production goes up CARBOFRAX 
linings need be only 134-inches thick 
( onsequently heavier insulation can be 
used and the heat capacity of the 
furnace structure will be lower. Melt 
ing rates are faster; you can get mor 


heats per shift 


Maintenance costs are reduced 

Not only do CARBOFRAX linings last 
longer, but when replacement is finally 
necessary, it an be made easily and 


quickly Th 


tile accurare im size and hav 


individual CARBOFRAX 


interlocking joints 
ivoided, toc 


rther or bor costs 


ARBOFRAX 


However, super refractories have 
even more possibilities in such furnaces 
CARBOFRAX silicon carbide or MULI 
FRAX electric-furnace mullite supports 
last longer and improve quality of 
work by keeping the floor flat and 
level. Burner ports and door blocks 
of MULLFRAX S converted kyanite 
blocks promote more continuous oper 


ation, reduce maintenance. Even main 


linings will last longer and improv 
when partially or 
onstructed of ALFRAX BI al 


minum oxide brick or shapes 


furnace efficiency 
itirely 


To obtain facts and figures on installa 
tions in specific fields merely select 
from this list of bulletins. Copies will be 
sent you at once. No obligation, of course 


Super Refractories by CARBORUNDUM 
(general catalog) 


Super Refractories for the 
Ceramic Industry 


Super Refractories for the 
Process Industry 


Super Refractories for Boiler Furnaces 


Super Refractories for 
Heat Treatment Furnaces 


Super Refractories for Gos Generotors 
The Frox Line of Cements 
CARBOFRAX Refractory Skid Rails 
Porous Media for Filtration & Diffusion 


Dept. No. C-110 


THE CARBORUNDUM COMPANY 
Refractor Dit " 
PERTH AMBOY, NEW JERSEY 





FINER GRAIN WITH VANADIUM! Here is graphic evidence of the grain 
refinement due solely to the vanadium addition. The finer groin improves shock -resistance, 


mokes response to heat-treatment more fool proof 
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BTR has the edge on oil-hardening, general-purpose 
tool steels which contain no vanadium. We've got 
conclusive proof that adding a little vanadium makes 
a whale of a difference! 

Our laboratories have just concluded exhaustive 
tests in which BTR was put through its paces along 
with many other top grades of oil-hardening tool steel. 
Tests were conducted on all steels to compare such 
properties as: machinability, ease of hardenability, 
resistance to wear and shock, both maximum and 
annealed hardness and distortion in heat-treatment. 

Accurate test data show that BTR retains a finer 
grain in hardening. BTR is less critical, more fool- 
proof in heat-treating; it’s less likely to develop cracks 
in quenching. It has greater shock-resistance, too. 
All of these characteristics are improved by the 
vanadium addition. That's why we have included 
this important alloying element in BTR’s analysis for 
sO Many years 


Vv 


2 


Veteran toolmakers rely on BTR because it is safe- 
hardening ... easy to machine and heat-treat 

. and because it has good resistance to wear 
and shock assures low distortion in heat- 
treatment. It's useful in every toolroom for a wide 
variety of tools and dies. BTR is stocked by Bethlehem 
Tool Steel distributors everywhere 
write us at Bethlehem, Pa. 


If you prefer, 


c Mn WwW Cr V 
0.90 1.20 0.50 050 0.20 


horden of 1475F quench in on 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA 


On the Pacific Coast Bethlehem product: are sold by Bethieher 


Pacific Coost Stee! Corporation. Eapor! Distributor Bethiehe 


Stee! Export Corporation 
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...Where (arpenter Customers Find 
New Ways to Get Stainless Jobs Done Faster 





It § casy to see how ik fool rir For exam le the men who work out ne Sta less St is It 


‘ A 
s | er | r } | " 
means less machine down ume. An of your nearby Carpenter Mill-Branch 
it saves because you make fewer tools he wt . to help « 
1OUS ill t | » hely 


os 
Reducing the number of regects on Stain , 
Dre ms t come up. Or 


less jobs getting ¢ . 
ve ve i persona Opy « 


hinishes—can make a big n ‘ 
. urpenter “NOTEBOOK on Machu 
your unit pr huctior tor 

¢ Company, 133 W. Ber 
Many a customer of ¢ . . ‘ } Exe Department worth Bidg . New York 
this a good torr i for eas 
ing of Stainless. First use the Stainless 
that 1s wniform every ume ‘ vet 
it— Carpenter Free-Machining Stainless 
Then take advantage of the shop hel; 


Carpenter can give yi 


takes the problems out of production 


For Easy-to-Use Stainless Call Carpenter. Warehouses in principal cities throughout the country. 
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Air Reduction Sales Company 


60 East 42nd Street, New York 17, N. Y. 

Please send me a copy of Airco’s NEW Hond Torch 
Catalog No. 2 

Nome 

Firm 


Address 


ee 


airnco’s NEW 


HAND TORCH 
CATALOG 


— COMPLETE, AUTHORITATIVE INFORMATION . . . EVERYTHING 
YOU NEED KNOW ABOUT AIRCO TORCHES 


Just fill in the coupon below and mail it to us today. Upon 
receipt, we will send you— ENTIRELY FREE ~— Airco’s 
new 36-page guide showing the right torch for light, 
medium or heavy welding, cutting, heating, brazing, 
descaling and flame hardening. 

Here is the booklet that gives you complete data on 
all Airco torches — nationally famous for their ease of 
operation, durability and dependability. Divided into 
easy-to-read sections, the booklet quickly helps you select 
the torch best suited to your particular production or 
maintenance problem. 

The booklet is handy, useful, bringing you a wealth of 
information covering design, specifications, tip require 
ments for special operations, and operating characteristics 
of each torch in the Airco line. 

To give you a brief idea of the material covered, here 
are a few of the sections the booklet contains: 

© 1412 pages of detailed easy-to-read charts covering 
every welding, cutting and special purpose tip in 
Airco’s complete line .. . these charts are not available 
from any other source, and they show you how to 
select the RIGHT torch, tip, mixer and extension for 
any job. 

e All-purpose and moderately priced welding and cut- 
ting outfits for heavy-duty or light day-to-day welding 
and occasional cutting are shown in an illustrated 
4-page section. 

2 Invaluable data on the right accessory—guide roller 
attachment, flash circle burner, hose connections, 
couplings, and so on-for the job at hand. 

But see the booklet yourself—send for it now. Just fill in 
and mail the coupon for your free copy. 


==) = 
Air REDUCTION 


Air Reduction Seles Company - Air Reduction Magnolia 
Company « Air Reduction Pacific Company 
Represented Internationally by Airco Company international 
Divisions of Air Reduction Company, Incorporated 


Offices in Principal Cities 


Headquarters fer Orygen, Acetylene and Other Gases. Caiciem Carbide Gas Cutting Machines 
Gas Welding and Cutting Apparates, and Sepplies... Arc Welders, Electrodes and Accessories. 
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1 HEAT RESISTING 
IMIS CO fo: teat RESISTING 


IN ROLLED MILL FORMS 


Sheets Plates —___ Rounds @ Squares @ Hexagons @ Flats am Angles. 
Channels LJ Sections ~ tay TT @) Nuts Welding Rod ont Se 


Rolled MISCO METAL (35Ni-15Cr-1Si) 
is available in hundreds of sizes for 
handy, economical fabrication of heat 


treating fixtures and containers of 


"MISCO METAL (35-15) ; ; ; 
, any nt all kinds. For your convenience in 


Pit Furnaces 





obtaining all your rolled alloy needs 
from one source, Misco maintains 


the largest and most complete stocks 


of rolled heat resisting alloys in 


the trade. For quality heat resisting 
alloys—send your orders to Misco. 


Select the ALLOY that 
DOES YOUR JOB BEST 
We also carry stocks of other Heat Resisting 


Alloys—They provide a correct alloy for most 
MISCO METAL (35-15) ; y | S- 

conditions of High Temperature service .. . 
Salt Bath Fixture 





MISCO K— MISCO B— 
YOU NEED OUR MONTHLY 25 Cr-20 Ni Type 310 25 (Cr-12.Ni Type 309 


STOCK LIST MISCO 430— 
17 Cr Type 430 


Send for it now and keep informed 
on Rolled Misco Alloys in stock. 


ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 


IAAI GO| One of the World's Pioneer Producers and Distributors of Heat and Corrosion Resisting Alloys 
1998 GUOIN STREET + DETROIT 7, MICHIGAN 
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NEW CONTROL RELAYS... 


_ 


_- < a 
LHL ~ Sg 7 


& 


The Electr-O-Line relay de 


livers a steady modulated heat 


ay | 


input im accordance with 


process requirements 


The Electr-O-Pulse relay 

delivers a modulated full heat 
FOR YOUR FURNACE input ona pulsetime basis in 

accordance with prowess re 


FOR YOUR PRODUCT henna 


For Exactine Conrror of InpustTRiAL Fur- the Brown Manual Reset relay when used 

naces, Brown offers two new relays: the uith Brown Electronih Proportional Con- 

Electr-O-Line for position proportioning con- trollers. 

trol and the Electr-O-Pulse for time propor- 
Designs are electronic and have no motor 

tioning control. Completely electronic and 

driven resistors 

both providing automatic reset, these units 

are designed as an integral part of Brown Brown Instruments, the most complete mod- 

Proportional Controllers or as separate ern line of controllers, include the right con- 

models for modernizing existing installations. trol for your furnace . . . for your product. 

Outstanding features include: There need be no compromise on a control 

job... no need to “stretch” the application 


@ Control adjustments are completely inde- to fit the instrument. Your local Honevwell 


pendent making “tuning in” process very engineer can impartially advise you on the 


simple. correct type of instrument for your require- 
‘nts. Coz ay... he is as near as 
@ anual control of the process may be accom- ments. Call him toda . ‘ 


plished from the relay. your phone! 


Minnearous-Hoxeywein Recuraron Co., 

Industrial Division, 1503 Wayne Ave.. VPhila- 

delphia 44, Pa. Offices in more than 80 

@ Both the Electr-O-Line and Electr-O-Pulse principal cities of the United States, Canada 
relays are physically interchangeable with and throughout the world. 


@ Plug-in tvpe chassis simplifies servicing and 


wiring. 


Honeywell 


BROWN INSTRUMENTS 
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Reducerolling’s really rolling along... 


Typical REDUCEROLLED blanks shown on these pages indicate the 
extent to which this simple forging technique has been accepted 
by forgemen. 





In a new approach to forge-shop cost-reduction, the rugged, ver- 
satile REDUCEROLL pre-forms blanks quickly for finish-forging on 


the same heat! 
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As important as buying the “best”’ machine is 
the engineering assistance and on-the-job service 
which the machine’s builder provides, 


NATIONAL engineers and service experts continue 
to be available——on a cost-free basis, for the entire 
life of your NATIONAL equipment—to assist you 
with any forging problem. 


Whatever you need—die design, production 
procedures, maintenance, new development — 
NATIONAL’S long experience is “ton call,”’ yours 
for the asking! 

Let us help you investigate the cation 

of REDUCEROLLING to your work. Send us 


a print or sample of your forging—or, better 
yet, pay us a visit. No obligation, of course. 


NATIONAL 


MACHINERY COMPANY 


TIFFIN, OID. 
DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES--MAXIPRESSES—COLD HEADERS—AND BOLT, NUT, RIVET, AND WIRE NAIL MACHINGRY 
Hartford Detroit Chicago 


Neo. 4 REDUCEROLL 
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alloys of 
quality 


High Carbon 
Ferro-Chrome 
4-7% Carbon, 65- 
70% Chrome, for chrome 
additions in making alloy steels 


Low Carbon 
Ferro-Chrome 
Silicon Spec. 06% Max 
Carbon, 38-42% Chrome, 
38-42% Silicon. Used in produc 
tion of high chrome steels low in 
carbon 


Manganese 
Sulphide 
53-55% Manganese, 
27-30% Sulphur, balance 
iron. Ladle addition for low cost 
production of free machining 


; Lh © ora seat 


VEE, 


Mis Uf) ly Vig TE, 4/ 


Vetal Progress: 


Covering every silicon 
requirement in the production 
of iron and steel. 


Special 
Blocking 50° 
Ferro-Silicon 


Specially designed 
and treated for blocking open 
hearth heats. 


Ferro- 
Manganese 


Standard High 
Carbon Grade .. . an assured 
source of supply. 


Silicon ¢ Silico-Manganese 
Chrome 


Briquets 
Manganese * 


3-4% Boron, 38-42% Sil 
con; balance iron, for con 
trolled boron additions to steel 


Borosil 


An ideal deoxidizer for 
fine grained steels and 
steel castings 


SALES AGENTS AND WAREHOUSES: 
SAN FRANCISCO AREA — Pacific Graphite Company 
Inc., Oakland 8, California 
LOS ANGELES AREA—Snyder Foundry Supply Company 
Los Angeles |!, California 
MINNEAPOLIS AREA—Foundry Supply Compeny. Minne 
apolis, Minnesota 
MEXICO—Casco S. de R. L 
Atenas 32-13, Mexico, D. F 
SALES AGENTS: 
NORTHWEST AREA—E. A. Wilcox Company, Arct 
Building, Seattle 4, Washington: Phone Seneca 0193 
BIRMINGHAM DISTRICT—Schuler Equipment Company 
First National Building, Birmingham, Alabame 


Apartado Postal 1030, Calle 
Mexico 
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..f0 increase production per unit and per man’ 


It cost no more and the pro 


It must happen in a lot of shops. When a variety 
f metal working and metal cutting operations are 
| 


metal cutti 


it's easy for the lubrication guides and 


gy requirements to get out of date 


t} resulted 


sutmoded requirements 
ous curtailment of per unit and per man 
on 

experimented quite a lot on our own but 
edina ¢ es Service Lubrication Engi 
In an amazingly short time he diagnosed our 


uuble. Then he set up an air tight schedule. It 


CITIES 


QUALITY PETROLEUM 
PRooucts 


SERVICE 


was easy to follow 
duction results were immediate. This man kne 
his busimess. Our new production tigu sare «cle 
something 

Why not let a 
neer look over 4 


ind the product 


nitels 


ibsolutel 


markel toda (set m 


the best a 
touch with the Citic we representative near 
est vou for lubriv on advice and recommenda 


tions —or mail coupon below 


Ciries Seevice Orn COMPANY 
Sixty Wal 
New York 


Please send me 


Fact-filled 

New Booklet 
For the Metal 
Machining Industry booklet entit 
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UMA 
Alley Steel ? 


In general, an alloy steel is a grade in which one or 
more alloying elements have been added to impart 
special properties and thereby increase the value of th 
stecl for given uses 

More specifically, an alloy stecl is ck fined as one in 
which the maximum specified content of alloying cle 
ments exceeds one or more of the following limits: man 
ganese 1.65 pet silicon 0.60 pet; copper 0.60 pct or 
one in which there is a range or minimum quantity 
within the limits of the recognized commercial field of 
aluminum boron, chromium, cobalt, columbi im 
molybdenum, nickel, titanium, tungsten, vanadium 
Arcomium, or any other clement that has been added 


to produce a desired alloying etlect. 


WHEN DOES IT PAY TO USE ALLOY STEELS? 


Generally, it pays to use an alloy steel when a higher 
degree of strength, ductility and toughness is required 
than can be obtained by the use of carbon steel in the 
section under consideration \l ov stecl should ilso be 
el ployed where such additional properti S resist 
ince to Corrosion, resistance to heat ind desi 

Tper ture I pact values are req I cl 

With carbon steel good mechatr 
only be d eloped near the surlace by | 
ment, t niform properties throughot ttl 
ible only when the section of stecl is 

In some instances It may require c¢ 

{ piybide when Jl id how to us 
el to advan in a given pre 
oul metallurgists will Ive 
on analysis, heat-treatm 
d results 
manulacture the entire range ol 
ly 


i i sIs.s 


tecls as well as carbon ste 


BE LHLEHEM STEEL COMPANY 
BE LHLEHMEM, PA 
fic Coost Bethlehem products are sold by Bet 


ation— Export Distributor: Bethlehem Stee! Expor 


STEELS 
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INTERMEDIATE SIZE BORING 
HEAD: An intermediate size offset 
boring head is now being marketed to 
supplement the other sizes of boring 
heads now manufactured by Everede 


Tool Co 


The new size No. 3-50 boring head 
i ; in. in diameter and has a 
maximum boring capacity of 4% in 
When equipped with an extension at 
tachment it is possible to increase 
this capacity 100%. Containing the 
versatile features of both the smaller 
and larger models, the No. 3-50 bor 
i 


ing head has beer developed for use 


in popular size vertical mills, jig bor 
ng machines, and turret lathes. 

For further information circle No. 1021 
on literature request card on p. 672B 


GEAR HARDENING MACHINE: 
New radio-frequency gear hardening 
machine, for high-production heat 
treating of gears, is available from 
Westinghouse E tric Corporation 
Inductall — is 
ised with a vacuum-tube radio-fre 


10,000-evcle 


This machine the 
quency generator a“ 
motor-generator set, and other asso 
ciated equipment, to harden spur 
gears, cluster gears, integral spindle 
gears, and also shaft The machine 
carrie each gear through an auto 
either 


matic cycle for through- or 


contour-hardening. Uniformity of 
hardening results from the mechar 
ical gear handling system and precise 
electrical timing of the  pre-heat, 
heat-treat, and quench operations. 
The Inductall system meets increased 
production requirements. It is simple 
to operate and maintain, and does not 
require skilled labor for operation 

For further information circle No. 1022 


on literature request card on p. 672B 


POWDER METAL PRESS: New S-5 
40-ton powder metal press is a cam 
operated unit for the production of 
electric motor, radio, and television 
parts, machine parts, cemented car 
bides, porous bearings and other pow 
New design, offered 
by F. J. Stokes Machine Co., 


eliminates the necessity for changing 


der metal pieces 


largely 


cam inserts and changes in set-up are 
accomplished in a fraction of the time 
formerly required. A single hand 
wheel adjustment sets the machin« 
for the 


the lower punch, automatically tak 


proper compression level of 


ing care of the ejection level by thi 
single setting 

The press may be used for sizing 
or coining as well as for forming 
through the use of a special attach 
ment When used as a sizing press, 
the parts may be fed either by hand 
or automatically at full speed 
For further information circle No. 1023 
on literature request card on p. 672K 


COPPER CLEANING SHOT: New 
copper cleaning shot, specially de 
signed for the nonferrous trade has 
just been announced by the Harrison 
Abrasive Division of Metals Disir 
tegrating Co., Inc. 

The manufacturer claims that this 
new product solves the cleaning prob 
lem of those who cast and finish i 
brass and bronze. L/D Copper Clean 
ing Shot, as the new shot is called 
cleans the casting by the force of its 
impact, yet does not itself 
Thus, it becomes possible to obtain 
the fine finish which results from 
“working” the surface of the casting 
without cutting it. It can be used 


imbed 


either in an air or wheel-type ma 
chine and for all types of nonferrous 
castings and pieces. In addition to its 
use with brass and bronze, it is also 
very effective when used for blasting 
aluminum pieces in order to obtain a 
uniform finish. While designed spe 
cifically for the nonferrous casting 
trade, it is also applicable to all types 
of cleaning and finishing where a 
light finish is desired 

For further information circle No. 1024 
on literature request card on p. 672B 
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NEW ELECTRIC CONTROL: New 
control system just announced by 
Leeds & Northrup Company 

P. A. T. "50 introduces rate 
into an electrically-actuated control 
The significance of rate action is that 
it responds according to the speed 
with which the controlled variable 


action 


changes — and thus improves process 
output by reducing the length of time 
that an upset can force the controlled 
process off its set point. 

If furnace temperature, for exam 
ple, begins to fall, rate action imme 
diately opens the fuel valve The 
faster the drop in temperature, the 
And as the 
rate of temperature departure de 


wider the valve is opened 


creases, rate action’s effect also de 
“putting on the brakes” to 
bring temperature smoothly back in 
line. 

Like the previous L&N model, 
P.A.T."60 also has proportional and 


creases 


reset control actions, and is applica 
ble to the regulation of temperature, 
pH, chemical concentration and gas 
analysis. 

For further information circle No. 1025 
on literature request card on p. 672B 


CENTRIFUGAL CASTINGS: New 


equipment to produce larger sizes 
has been added to the centrifugal 
casting department at American Non 
Gran Bronze Co. The company now 
offers 


centrifugally-cast liners, 


sleeves, rolls, rings, bushings, etc., in 
bronze alloys rough or machined 

up to 12 in. O.D, and 13 in. in length 
For further information circle No. 1026 


on literature request card on p. 672K 





SPECIFY 


dy 
chek 


dye penetrant 
metal inspection 


Simplified 
Non-Destructive 
Testing 
Any Metal 


Anywhere 


FASTER, 
CHEAPER, 
MORE ACCURATE 
Completely 
Portable, 


License-Free 


SER 


Write 


for 
Details 


dy 
che 


SOMPANY 


1323 FAST BROADWAY 
HAWTHORNE, CALIF 
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METALLOGRAPH: A radically new 


and improved metallograph ar 


individual need 
equipped with a 
nounced by American Optical Com camera back 


pany, Instrument Divisior Designed inexper plat 
as a routine control instrument, it photograph 


offers superior optical performance change slide, are especially designe 


together with convenience and sim for optimum photographic result 


plicity of operatior For further information circle No. 1027 

This new instrument represents a on literature request card on p. 672B 
progressive step in the field of metal 
lography All controls and adjust 
ments are within easy reach. Directly 
i front of the operator are the 
5x 7-in. camera, the monocular or 
binocular microscope eyepieces, and 
the ball-bearing mechanical stage 
Within easy reach is the electrica 
control panel for the are and visual 
lamps The four objectives on rotat 
ing turret, the photographic eye 
piece mounted on a quick-chang 
licle the camera hutter 
olor filter all are operabl 

ittingg position 

The optical 
raphy and visual 
coupled to permit 
done through the v ual ystem, elim 

r the necessity for gro 
measurem 
are compared rec 

gla with ‘ ard SAND WASHER 

ze chart 
near measurement 
accurately mace 
micromete 


heatior 
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Engineering Digest of New Products 





STRIP-CHART ELECTRONIC IN- 


STRUMENTS: The Bristol Company 


travel; ball bearings provide smooth, 
backlash-free motion 


features which have been incorporated 


after extensive research in both the 


announces the development of a new Another new feature is the laboratory and the field Some of 
Magna-Viewer, which provides screen 

images with good contrast and uni 

form brightness Use of the screen 

eliminates the fatigue of prolonged 

eyepiece observation, resulting in bet 
ter, faster work in such operations 
as grain size determination and dirt 
counts. 

For further information circle No. 1030 


on literature request card on p. 672B 


DETERMINATION OF 
BY -COMBUSTION: 


has been made of th 


CARBON. 
Announcement 
availability of 
the Combustron, new electronic in 
instru strument for rapid and accurate de 
the Series 500 termination of carbon-by-combustior 


Offered by 


Combustron is a compact, bench 


Electronic Burrell Corporation, the 


Instrument The Strip-Chart Dyna 


Strip art Dynamaster these feature are instant heating, 


rapid analysis, visible combustion, a 


master a high-speed, self-balancing mounted, self-contained instrument; sturdy Vycor reaction tube, and avail 


a-c bridge designed for measurement it comes fully equipped, ready to plug ability in one or two-tube models 


of temperature, resistance, conductiv into the power supply It employs For further information circle No. 1031 


train, position, inductance, pres induction heating and has exclusive on literature request card on p. 672B 


force, or any other variable 


be measured in terms of 





impedance I additior the instru 
ment can be used for electric power 
totalization and as the receiver for 
Bristol’ Metameter System of Tele 
metering 

The measured variable is 


recorded 


11% in. wide and indicated 


One furnace for all he 
onstrated by another er 

Every day the Flannery 
legible at a range of tool steels from 


k-heating Delaw 


cale which 1 


In addition to the single er ane 
de-carbur thon and work } 
mode!l, instruments are avail due to the amplified co 
16 different re« YOU can confident 
your own shop with t 
Furnace 

INFORMATIVE DATA 
F.1. Semd for your py 


ra man as 


the ame chart 
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DELAWARE TOOL STEEL CORP. 
WILMINGTON 99 


METALLOGRAPH: Bausch & Lomb DELAWARE 


announce a new 
ew Balphot 


t that 


TANGENTIAL 
FIRING 
Operating Range 
1200 te 2800 F 


DELAWARE 


Centrolied Atmosphere 


FURNACES 


equipmer 


onomy of more limited 
with many of 


the 


* * * STRAIGHT FACTS on Controlled 
Atmosphere are included in DELAWARI 
BULLETIN F-1. 


Cen 


ontrol are 


Send for your copy today. 


DELAWARE TOOL STEEL CORPORATION 
WILMINGTON $9, DELAWARE 


h of seated 

stment mech- 

lower tage 0.1 

ition of fine adjustment 


graduated to measure 
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Many years ahead of the field 
— the NEW Ub) DESK-TYPE METALLOGRAPH 


N SIMPLICITY Of Operation, speed | ssurance of perfect 
results the new AO Metallograph ts read. It is sure to 
encourage better quality imiformity of photo 
micrographs 

This revolutionary metallograph for routine control work 


permits vou to 


SIT COMFORTABLY AT A SPACIOUS DESK. | 


FOCUS AUTOMATICALLY AND ACCURATELY t " g 


MEASURE DIRECTLY ON GROUND GLASS VIEWING SCREEN. \ 


CHANGE OBJECTIVES RAPIDLY. R " 
TAKE NOTES. Liesk les a r rag ‘ 
USE PHOTOGRAPHIC LAMP FOR EXPOSURES ONLY. |i 


DETERMINE ALL OPTICAL SETTINGS INSTANTLY. \ 
Id tv by ASTM magnitia \ wx 


BUILT-IN PHOTOGRAPHIC EYEPIECES QUICKLY SELECTED. | 


gray k 


ADJUST ARC LAMP EASILY AND QUICKLY. (4 


USE EITHER MONOCULAR OR BINOCULAR BODIES. |) 


Manafacturers and de signers 
of precision industrial 
optical mistruaments 


TRUMENT DIVISION « BUFFALO 
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New Products 








SPEED PRESS: New No. 1330 AB 
speed press announced by Buehler 


Ltd., is the result of long and exact 
ing experiment to provide the metal 
lurgist with a new tool for the speedy 
and practical preparation of mounted 
specimens in either opaque Bakelit« 
or the crystal clear plastic compounds 

Besides the streamlined moderr 
design of this new AB press of 
10,000-lb. capacity, the accessories 
such as molds, heating and cooling 
blocks are quickly interchangeable 
for the various size requirements 
This new press is not restricted to 
opaque thermosetting Bakelite com 
pounds; it is equally practical for the 
preparation of crystal clear therm« 
plastic AB Transoptic specimer 


mountings 


AB speed press is arranged 

changeable ise of harden 
stainless steel mold assembli« 
produce 1, 1% and 1%-in. mount 
4 model of higher capacity can be 
provided for larger requirement 
This hinged press head supplied 
with a semi-automatic lock and a 
hand wheel screw to 
ecurely 

ranged 

igiy 


The 


capacit 


facilitated 

The cool 

practical posi 

peed press 
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replaced 3 other oils for gear hobbing 


— and does a better job” 


“We formerly used three different cutting oils in 
our gear hobbing department,” says this Fore- 
man. “Now we use only one on all machines— 
Gulf L.S. Cutting Base. It’s doing an excellent job 
—we're getting better finishes and in some cases 
have been able to increase production. And of 
course our storage and handling problem has 
been simplified by elimination of two cutting oils 
from our inventory.” 

A typical report from the scores of plants which 
have made some improvement in machining prac- 
tice through the use of Gulf L.S. Cutting Base, the 
outstanding multi-purpose cutting fluid. 

Call in a Gulf Lubrication Engineer today and 
let him help you find opportunities for greater 
production at lower cost through the use of one 


Says this Foreman 


or more of the quality cutting oils in Gulf's com- 
plete line. Write, wire, or phone your nearest 
Gulf office. 


Gulf Oil Corporation - Gulf Refining Company 
GULF BUILDING, PITTSBURGH, PA 
Sales Offices - Warehouses 
Located in principal cities and towns throughout 
Gulf's marketing territory 
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ACT KEMP ATMOSPHERE 


TORS OFFER PUSH BUTTON 
STARTING, FOOL-PROOF OPERATION 


Fr you need a compact source of 
| atmosphere gas save time and 
money, specify Kemp! Two new Kemp 
Atmosphere Generators models 
MIHE-1 and 2) deliver 1000 and 2000 
cfh respectively. Both offer all features 
of larger equipment: push button 
starting, automatic fire check, flow 
meter, ete . and assure that you get 
same analysis gas from 1 to 100 
of capacity 


FOOL PROOF OPERATION 


Kemp Generators burn ordinary gas 
just as it comes from the mains. A 
famous Kemp Carburetor, part of each 
installation, assures 
bustion without 


com plete com 


tinkering” to produce 


a clean, chemically inert gas contain 
ing 8&8 nitrogen, 12°, CO a gas 
s© pure it is used without further pro 
cessing in copper annealing and in the 
manufacture of aspirin and laboratory 
chemicals, fine paints and a host of 
other products 


WRITE FOR DATA 


Whether you need inerts for purging 
fire protection blanketing or 
any steel application specify Kemp 
For technical information write for 
Bulletin 1-11. To find out how you can 
benefit: Tell us how you produce 
atmosphere gas now; we'll show you 
how Kemp can solve your problem 
Mail Coupon today 


ATMOSPHERE GAS GENERATORS 


an an en anananen an en an anasananenanas ] 


THE C. M. KEMP MFG. CO., Dept. D-11 


OF BALTIMORE 
| 


405 E. Oliver St., Baltimore 2, Md 


Gentlemen: Send me information on Kemp Gener- 


| am interested in Bulletin 1-11; data on 


| larger equipment. 


Name 


| Company 


i | 
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New Products 





NEW STRUCTURAL METAL: A 
high-purity, ductile vanadium metal 
is now available in limited quantitie 
for fabrication and use by the metal 
industry, it has been announced by 
Electro 

Union Carbide and Cart 
tion. The 


Metallurgical Division of 
Corpora 
metal averages above 
99.89% vanadium and can be obtained 
in the form of ingots, bars, sheet, : 
foil. It is also available in the fo 
of chips for remelting into ing 
special sizes and shape 

Pure vanadium ha 
resistance, high tensik 
excellent ductility. It 
istant to corrosion by 
water and reducing acid 
ate concentrations date 
indicate that it has 


characteristics. 


1-T uling 


Vanadium ingots can be hot 
at temperatures 
2100" F 


betwee 1475 

Rolling pract 

spect to passe and 

that established for a 

less steels Sheet bar 

work-harden appreciably 

cold-working and may b 

sheet having a thicknes 

In fact, a 

made without interme 
The machinability 

about the same as that 

teel The metal 

ar ve machined more 

nickel, 


stamped 
manne! eXample 

type 4 shown were 

simple lead-lined die. Vana 

be welded by the Heliar 

using’ an arg atmosphere 

For further information circle No. 1033 
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| Houghton’s NEW Salt Bath Book! 
1047. Combustion Chambers. 


sraphite A revision of our catalog listing salt bath materials, their 

“dk properties and uses, has just been completed. It describes 

salts for carburizing, hardening, annealing, drawing. 

Se Cotten martempering and treating high speed steel. It tells you 
1048. Control Devices ) why you can “do it better in Salt.” based on the experience 
piierent ind of Houghton technical men who have long specialized 
1089. Copper Sheets in metal processing. Write E. F. Houghton & Co., 303 W. 

gram of design devel : Lehigh Ave., Phila. 33, Pa., or — 


1050. side my To get your FREE copy 
ston wth a circle No. 1097 on the postcard 


1051. Cutting Oils Hee 








1034. Abrasive, Cleaning 
Bullet sy ew le ped 


feacribes 1 

blast g. Tru-Steel Shot toug 

ted abrasive that pr fe at 

. e and , ed { juct f Amer 
Wheelabrator ( 
1035. Abrasive Wear 

Six-page bulletin, “How to Red 
Near with Therme HC-250". describe 
pt al propertic t HC.250 


1036. Alloy Casting Booklet 
\ ow tw ' 16-1 ‘ t ea N 


par 7 
bee 


: ble. 
‘ 1 pt 
lichiana Products Cor 
1037. Alloy Handbook 
New pocket-size Handbook 


1038. Alloys 


Meta t 0 
fe be 


\ 


eta i rie ectro Me ur Ds 
1039. Alloys, Fabricated 
Castes aveliechh iat daaeneiai 
ated | ge 
ind better 


1040. Alloys, Hardfacing 
cedure iar Reduction Sale 
1041. Aluminum 
Cor \ 1 A Ex 
1042. Bearing Balls 
1043. Beryllium Copper 
Hel; gineering 
1044. Castings 
Bulletin FC-350 
; ~~ Py und? ( 
1045. Castings, Steel 
g oxida and cor 000 


Foundry ¢ 


1046. Cast Irons 
Pr ! . ‘ 


t i 
Cast | Rese \ 
\ el C erwmrn We 
1047. Combustion Chambers. 
Graphite 
M-o602 d , 
P 
1048. Control Devices 
1049. Copper Sheets 
1050. Corrosion 
1051. Cutting Oils 
‘A 








WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





1052. 


1053. 


1054. 


1055. 


1056. 


1058. 


1059. 


1060. 


{ 


Electrodes 


| 


Finishes 


Finishes 

“nm ‘ H 
Finishing 
Finishing 

I inishing 


{ mer 


Forging 


g 51 0 g 


Forgings 


Free-Machining Bar 
Steel 

' 4 
D 





BUSINESS 





Ne Postage Stamp Neecesary If Mailed In the United States 


1061. Furnace, Atmos 
ted 
1062. Furnace, Heat " 
pe 
1063. Furnaces 
i merioar Furr e¢ 
1064. Furnaces 
1065. Furnaces 
1066. Furnaces 
ia i 
F 
1067. Furnaces 
Ye 
1068. Furnaces, Hard 
1069. Gas Generator 
Mii 
; > Poa 
1070. Gray lron 
® fn Sane 
. M 
8 
a Fous 


@ If mailed from countries outside the United St 
amount of postage stamps must be affixed for re’ 





REPLY CARD 








4c POSTAGE 


WILL BE PAID BY — 


METAL PROGRESS 


7301 Euclid Avenue 
CLEVELAND 3, Of 


tmosphere 


e Delawa 


ated ew t 


k. Del 
leat Treating 


re ranges from 250 t 
lota + 


‘. & 
’ z 
2 2 rat 
: a & 
ga ‘ . Z 
es designed pr 
. stec 
g es f 
Ca i Hone 
De 
“4 t Te 
5 1 
7 
Hardening 
the H.S.S. Hard 
ator 
4 : 
ted 1000 
| 438 » 
ge R 
ural, proj 
pe at 
ga res 
A $7 ASTM 
rec 


od States, proper 
© returning card 


FIRST CLASS 
PERMIT Ne. 1595 
(Sec. 34.9 P.L.a R.) 


Cleveland, Ohie 


OHIO 


TE 


FIRECRETE 


@olsielel(-We d-ticelaielal-t5 








CAST SPECIAL SHAPES QUICKLY... EASILY 








Check the job to be done and you will find a Firecrete* 
product that will do it well. For special refractory shapes 
or linings it’s simply mix and cast. The new shape or lin- 
ing air-hardens and is ready for service within 24 hours. 
Other advantages include—no drying shrinkage, negligi- 
ble firing shrinkage, high resistance to spalling. 


ore SUOOF— 3X FIRECRETE 


This new member of the Firecrete family effectively with- 
stands soaking temperatures up to a full 3000F. Provides 
savings through longer life and reduced shutdowns. 


ope 2B00F — H-T FIRECRETE 


A high heat-duty refractory composed of an exceptionally 
heat-resistant base. Specially developed for service between 
2400F and 2800F. 


core” 2400F — STANDARD FIRECRETE 


The most generally applicable type of Firecrete. Finely ground, 
permitting casting of shapes or linings as thin as 114". 


coro” 2400F — L-W FIRECRETE 


A lightweight insulating refractory concrete with unusually 
low thermal conductivity, low heat storage capacity and high 
resistance to spalling. 

The above Firecrete materials can be used in combina- 
tion where varying temperature and service conditions are 
encountered. 

For patching and gunning, use 3X BLAZECRETE. For 
temperatures to 3000F. It has exceptional adherence quali- 
ties, can be flipped into place with a trowel without ram- 
ming or tamping. 


For further information, write to Johns-Manville, gow 
Box 290, New York 16, N. Y. JM 


*Reg. U. 8. Pat. OF 


Alelalateoiatelabalics 


FIRECRETE 


‘‘The Standard in Castables’’ 








1092. Pyrometer 
rate 


Catalog No. 80 
ti P t 


Pyro Or 


WHAT’S NEW mitt tat 


moO r ¢t “ae 


IN MANUFACTURERS’ LITERATURE 1093. Quenching Oil 


“ 4 





1094. Refractories 
1071. Heating Elements, 1081. Machine Design ee eee 
Electric rememeny poy Be 


me electric heating element 1 Ny, 


du “ 


Ke 


type r a Molybdenum ¢ 0 


olling Mill Machinery 


3 


; 
R 
ng table —— . riety of . »vailable pa 
tAhobar Ih ( arborund r 1082 
1072. Heat Treating — 
Karret tandard hydrou : 
| 150. 100 and SO-pou . 


ated st nd for literat 1083. Metal Spinning rete Birdshoro Steel Foundr 


« 
Metallograph t 
slog describe 


mer 
Barrett Ih Allied Chemical Ihe Wor 


£ erring 
raf 


1073. Heat Treating 1096. Rust Preventives 
oe [wo new transparent t pre 
Bulletin SC14¢ thine t eta aft, In - ' 

ising time-temperature progr nt : . 
annealing steel { s ether parts. Redla 1084. Microcastings 
ure f I 16-page booklet de he 
and illustrated. Surface Combustion Cor secnstion and dine ante 
Micr p> iucler l 


£ 
z are di 
x-Rust ¢ 


ree | Coat Rust Chem 
1074. Heavy-Duty Forgings - 2 1097. Salt Baths 
16-page booklet Hen ge 1085. Microscopes 32-page bulle entitled 
protusely lustrated f " Catalog D-1010 trate ' 
f ery phase eveloy t got i f pe 


finished product. A " ns ¢ i sch Lomb O ‘ g. re 

1075. Heavy-Duty Oils 1086. Oil Quenching Houghton 
New 12-page illustrated booklet t Ws Catalog V-1146 gives detailed 1098. Steam Drop Hammers 

HD. 700 oils keey ac hine ean, prevent ting . ta ! jer ae . p trated 24-nase } ed 


x 


I 


1087. Oils, Cutting Reus ns 
For the right combination ¢ 1099. 


rcula 

and gear boxe un Oil ( we 
k Steel. Cold Finished 

} er t : 4 4 M k I 


ge \ ( 


1076. Induction Heating ee ee Se ee ae 
More ymical product made { ble - =~ ~ 
gh red { heat treating methods. | 1088. Organic Sol 

! ' licat t nd ! lant 64- page thook ked 


A Tocco Plant Surve \ lies ae ot aie I 


hort P P » Oo “ 4 2 I t 

Pr 1980 Ohvwo Cranksh ble testing ethods and 1 fuct des t 1100. Steel Selector 
1077. Induction Heating tedh alt ' Ha ‘ printed, « 
Bulletin 1440 she tul 


: ‘ Cold | e ‘ 
vents te 
. oa 1 the le 


feta 


ed ponents built eve 1089. Plating Generators 1101. Steel. Stainless 
Lindberg Engineering ¢ es ciecnueseliabine te: atten tenmnanele a1 ~ Machining 

‘ ‘ ' a ( bia M-G set ' , Notet M 
. Induction Heating Catalog MP-700 
{ for bulletin 13-4 ta Mie. ¢ 


1078 
ne moaeee totes Knees oo 1090. Polishing Machine 


fea 


: 1102. Steels, Alloy 
Z 02. s Oo} 

1079. Lubricants Duplex I ’ : 
Interest : 4 } ‘ “ 


x 


I 
effic ie and « q . ; . 'D Book hee j 
desired. Production Machine ( 1103. Thermocouples 
1091. Polishing. Catalog 59-R te plete 
Metallographic eshins Mie. ¢ 
For prepara fine metallographic specime 1104. Thermocouples 
. - New slog No. 5 ta 


ght bricant fescribed M 
! ! t 


1080. Lubrication of Hot 
Metals 
etin 426 describes how (DAC f « 
¢ " , | 7 “ 
ed 
k 


@ If malied from countries outside the United States, proper 1105. , Tool Steels 
amount of pestage stamps must be affixed for returning card ee tae ; 
1106. Tungsten and 


METAL PROGRESS oo 


+-puge 
7301 Euclid Avenue, Cleveland 3, Ohio 


)-pag 


November, 1950 Please have literature circled at the left sent to me 





1039 1057 1075 1107. Turbo-Compressors 
1040 1058 1076 ; D 
1041 1059 1077 ome Wie 
1042 1060 1078 , 
1043 1061 1079 Company mcer 
1044 1062 1080 1108. Valves, Safety 
1045 1063 1081 tees. 
1046 1064 1082 Products Manufactured ‘ 

1047 1065 1083 fe conditions. D 

1048 1066 1084 Welding 
1049 1067 1085 Address 1109. Welding 
1050 1068 1086 
1051 1069 1087 City end Stet 
1052 1070 1088 ———— 
1053 1071 1089 P 
1054 1072 1090 « x 
a oeae +4 Postcard must be mailed prior to February 1, 1951— 
Students should write direct to manufacturers 


1110. Zine, Coatings 














UNUSUAL APPLICATIONS OF SPECTROGRAPHIC ANALYSIS... 


CONTROLLING “NICHROME’’* FURNACES 


IN DRIVER-HARRIS FOUNDRY... 





Driver-Harris Company’s famous “Nichrome”’ 


and “Nichrome” V-— leading alloys, used as heating 
elements in all sorts of products from common toasters to 
high-temperature electric furnaces — are rigidly controlled 
from the foundry to the finished wire by spectrographic 
analysis 

In addition to “Nichrome”, Driver-Harris depends upon 
the spectrograph to maintain the extremely high standard 
of many other alloys... to speed up operations to hold 


analysis costs down. They use “National” spectroscopic 
electrodes. 


Why it pays to use “National” spectroscopic 


electrodes. National Carbon’s spectroscopic electrodes 
are the purest obtainable. Each shipment is accompanied 
by a “Statement of Purity” which tells your analyst what 
trace elements are present in the electrodes. As a result, 
he can assess his plates or film very quickly and accurately 


without being confused by unexpected spectral lines. 
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OTHER ADVANTAGES OF 
SPECTROGRAPHIC ANALYSIS 


@ Sensitive to 1/10,000,000 of a 
gram for some elements 


@ Saves time in analysis 
@ Detects unsuspected metals 


® Accurate testing is possible 
with very small sample 


® Provides a permanent record 


@ Differentiates between two cle 
ments chemically very similar 


® Analysis can be made in some 
cases without destroy ng sample 


The term “ National 


is @ registered trade mart of 


NATIONAL CARBON DIVISION 
UNION CARBIDE AND 
CARBON CORPORATION 
40 East 42ad Sc.. New York N.Y 
District Sales Office 
Atlanta, Chicago Jullas, Kansas City 


New York, Pittsburgh, San Fran 
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The bundle of sticks 


A wise old man called his quarrelsome 
sons about him. Taking upa bundle of sticks, 
he commanded each in turn to break the 
sticks. All tried, but in vain, and said it 
could not be done. 

“And yet, my boys, nothing is easier to do,” 
said the father, as he undid the bundle and 
broke the sticks, one by one. “By this ex- 
ample, you can see that united you will be 
more than a match for your enemies; but if you 
quarrel and separate, your weakness will put 
you at the mercy of those who attack you.” 

The useful truth of this fable is just as timely 
today as it was when the Greek ex-slave 


Aesop told it 2,500 years ago. You, a patriot, 
believing in individual liberty and freedom 
for all, see our American way of life threat- 
ened by the menace of communism abroad 
and jeopardized at home by complacence, 
negligence, confusion and incompetence. 

As a business leader in your own commu- 
nity, you have a particular responsibility to 
help unify your fellow citizens and guide 
their thinking and action--for the strengthen- 
ing and preservation of the ideals that built 
America, in fact, made America the envy and 
goal of the very individuals now seeking to 
destroy it. In Union there is Strength. 


The Youngstown Sheet and Tube Company 


General Offices -- Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON ALLOY AND YOLOY STEELS 


RAILROAD TRACK SPIKES CONDUIT - 
TUBULAR PRODUCTS - WIRE - 


HOT AND COLD FINISHED CARBON AND ALLOY BARS - 
ELECTROLYTIC TIN PLATE - 


PIPE AND 


COKE TIN PLATE - RODS - SHEETS - PLATES. 
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Saw at 
The Masel Show 


Back of every one of these New McKee-Eclipse Products is more than 30 Years Experience with combus- 
quip igned for all types of applications and burning any type gas or combination of gases. 





He seres “LT” McKee-Eclipse LOCK-TITE Safety Valve 


Generally acclaimed as one of the most unusual and 
important developments in recent years in the industrial gas 
field! Makes possible for the first time, instantaneous Gas 
Shut-Off under any or al/ unsafe conditions. As a double 
protection, when the gas valve has snapped shut due to an 
unsafe condition, it must be opened manually, and only 
after the unsafe condition has been corrected 





McKee Consta-Mix 
Proportioning Valve 


The very latest in a wide selection of 
McKee Air-Gas Mixers, L-P Proportional 
Mixers and Diluter Valves. Permits 
minute adjustment of the air-gas mixture 
at any point in valve capacity, and 
independent of pressure or other 
fluctuations 


MAE 00 "PW" McKee-Eclipse Piloted Wall-Tite Burners 


Another remarkable McKee-Eclipse Advancement! A Sealed 
Burner with Flame Failure Protection and Constant Blast 











Pilot. Particularly suitable for low temperature applications 
ot where burners are in a “difficult-to-light” location 


Series “G" with 
Ga isrer Maric Scotch Ges- Pak Combustion Unit 
teamboilerplants” 


These new Scotch Marine Boilers (13 
Send for years fheld-tested) are part of an exten 





Bulletins on sive line of McKee Automatic Gas-Fired 

e a Steamboilerplants” 12 to 100 H.P., in 

Products in which vertical and horizontal models. “Com 
you are interested plete package” ready to connect up = 


operate at the push of a button 





REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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GRAY IRON LEADS THE FIELD 


TOTAL| ANNUAL SHIPMENTS (. ; TTT ; | In 1949 
a Corr GRAY IRON accounted for 


Se 


‘rT T ALL OTHER CAST PRODUCTS | 
Tt a : 
} + 


of all cast metal 
products shipped 


GRAY IRON CASTINGS 


Note the steady increase in 
annual shipments of Gray 
Iron Castings as shown on 


chart at the left. Grav Lron’s 


SHIPMENTS + MILLIONS OF NET TONS 


percentage of total cast metal 
products has increased from 
69, in 1943 to about 80° 
in 1949, 





’ a 


Here's factual proof of Gray Lron’s constantly increasing acceptance by design 
engineers, production and purchasing executives throughout industry. The 
reasons? They're summed up in Gray lron’s unmatched combination of 
characteristics, including . . . castability, rigiditv. low notch sensitivity 
resistance to wear, heat and corrosion . . . machinability, vibration absorption, 
durability and wide strength range 


Are you making full use of these adv antageous characteristics in your products? 


Make It Better with Gray Iron 
Second largest industry in the Metal-working field 


GRAY IRON FOUNDERS SOCIETY, INC. 


NATIONAL C/TY-E. 6th BLDG, CLEVELAND /4, OH/0 
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you can 6 SURE.. te irs 
Westinghouse 


me eee eee ae re ee ee aa ae aes cae ase ee 


or EvectRic | 


GAS-FIRED 


FOR THE MAN 


WHO CAN'T BE “SOLD” 


Careful buyer? Then, here is help in selecting 
the equipment to do your job best. You see, 
Westinghouse makes both electric and gas- 
fired furnaces, plus the atmosphere equipment 
that may be required. Thus, Westinghouse 
engineers have no favorite type of firing or 
construction to sell. Instead, they study your 
heat-treating problems with a view toward 
recommending the equipment to do your 
job best. 

And you can preview results! A well- 
equipped metallurgical laboratory will sample 
heat-treat your work and demonstrate the mass 
production results you may expect. 


THETM-A-MECTINg. wear ano METAWUROICAL SERVICE THAT 
OFFERS WITHOUT OBLIGATION 


ENGINEERS —Thermal, design and metallurgical engineers to help you study 
your heat-treating problems with a view toward recommending specific heat- 
treating furnaces and atmospheres 

RESEARCH—A well-equipped metallurgical laboratory in which to run test 
samples to demonstrate the finish, hardness, and metallurgical results that can 
be expected on a production basis. 

PRODUCTION—A modern plant devoted entirely to industria! heating. 


EXPERIENCE— Manufacturers of a wide variety of furnaces—both gas and elec- 
tric—and protective atmosphere generators. 


This unbiased engineering and metallurgical 
service is called Therm-a-neering. It matches 
the equipment to your job . . . provides the 
hundreds of design details that make your heat- 
treat line run smoothly and economically. 

Give Therm-a-neering a chance to help you. 
You won't have to be sold. You'll know why 
it’s best to buy Westinghouse. Call your nearby 
Westinghouse representative for details, or 
write Westinghouse Electric Corporation, 180 
Mercer Street, Meadville, Pa. }-10346 


GAS AND ELECTRIC 
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Sunbeam 


EWAR] 


THE BEST INDUSTRIAL FURNACES MADE 


GALVANIZING WATER TANKS 


AT HOTPOINT WATER HEATER DIVISION Ftp 2 


»” 


STEEL TOP PLATE H = Mn . 
J aS, ~ 
> ee — al 





Seve cuanadiiegn ( FY 6 } <— | At Hotpoint, water tanks with diameters from 16 to 20 


> ene eon) ag Zs Y inches and depths from 16 to 60 inches are golvanized 
} , in Sunbeam Stewart deep-type Galvanizing equipment. 
The 8'4 ft. depth of the settings presented problems in 
heat distribution not normally encountered with con- 
ventional settings 
The Sunbeam Stewart indirect, high side fired furnace design, 
WEAVY STEEL P together with 20 special nozzle-mixing burners, makes it 
ANGLE (RON ' possible to supply an even quantity of heat to the sides 
LINE ORCEMEN of the kettle. The accurate flame control of the burner gives 
the desired flame length while still maintaining o sufficient 
BTU output. The turndown ratio eliminates the need for a 











second set of burners for idling temperatures 





COMCRETE t ; : improved design and correct engineering hove mode 
FOUNDATION 


| a 

} : j Sunbeam Stewart the leader for galvanizing equipment 

| \ ; Quality of work and low cost of maintenance and operation 
MAIN FLUE FLUE GAS OFSTRIBUTION PORT wan FLUE are key factors in Sunbeam Stewart's design that hove 

Pian view of the Sunbeam Stewort galvanizing furnace in use at Hotpoint. Note proved their worthiness year after year. Users report dross 


how the fuel is completely burned in a seporate combustion chamber and how the hot —_ loss as low as 5% and kettle life up to six years. If galvaniz 
products of combustion flow evenly up over a dividing boffle wal! to the top section 
of the pot and then down the side to exhoust vents. This design assures \ D lable f 
UNIFORM BATH TEMPERATURE; MAXIMUM PRODUCTION RATE op RIT SEER ONS Se ee oe 
LOW DROSS LOSS; LOW FUEL CONSUMPTION AND LONG KETTLE LIFE or large production. We will be glad to submit ideas on 
how you can get more economical operation 


ing is important in your manufacturing process, it will poy 


Mandbeam 


_— 
STEWART INDUSTRIAL FURNACE DIVISION of <fiinbeam CORPORATION 
Formerly CHICAGO FLEXIBLE SHAFT CO.) 
Moin Office: Dept. 1099, 4433 Ogden Ave., Chicago 23 — New York Office: 322 W. 48th St, New York 19 — Detroit Office: 3049 E. Grand Bivd., Detroit 
Canoda Factory: 321 Weston Rd., So., Toronto 9 
A letter, wire or ‘phone coll will promptly bring you information ond detoils on SUNBEAM STEWART furnaces, either units for which plons ore now ready or units 
especially designed to meet your needs. Or, if you prefer, o SUNBEAM STEWART engineer will be glod to callond discuss your heot treating problems with you 
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Sling lies on floor as 
trays are filled 


Aad Be: 
ALLOYS 





Sling is roised to fit 
into indentations 


Shing safely holds assembly os 
it is hoisted to furnace 


3 SLING SHOTS 


THAT SCORE FOR CRUCIBLE STEEL 


The three camera shots above clearly picture the 
three principal advantages of this fabricated- 
welded stainless steel tempering assembly. Both 
Rolock and Crucible Steel engineers contributed 
to the design which features: (1 


sling. (2) indented travs for close 


a rugged carrier 

safe fit of sling 
maximum furnace capacity. 

The shallow, easy stacking trays separate varied 

es of Alnico permanent magnets and a thermo- 


PHILADELPHIA © CLEVELAND © DETROIT © Hint 


ROLOCK INC. > 


quality 


STON © INDIANAPOLIS © CHICAGO * 


1222 KINGS HIGHWAY, 


couple is used between the fourth and fifth trays 

with another one on the top. The 
weighs 665 Ibs 
of 4.8 to 1. 


assembly 


maximum load 3200 Ibs., a ratio 


Roloch job-engineered heat treating equipment 
will speed handling, give you more 


uniform 
lengthen service life 


and reduce work- 
hour costs If you have such problems call our 


Rolock engineers for practical recommendations 


ST. LOUIS © LOS ANGELES © MINNEAO 


FAIRFIELD, CONN. 


for better work a 


‘Easier Operation, Lower Cost 
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The wooden rack assembly 
supporting the seven pieces un- 
dergoing tests in the manhole. 


rates highest 


cae in corrosion test of 
rials used or suggested Ans osthmeuaiinaal waste pipe Ina terials 


lines, conducted under accelerated conditions 
in Fort Worth, Texas, lead pipe proved to be 
outstanding, having a relative life expectancy 
of more than six times that of the next closest 
material tested. 

The test specimens were 2 ft. sections of 
pipe and conformed to established plumbing 
size specifications. The samples were placed 
in a wooden rack which was placed in a man- 
hole carrying the return sludge from the Fort 
Worth sewage disposal plant's aeration basin. 

The specimens were kept 18 in. above the 
water line. Analyses showed the sewage to 

be alkaline, the condensed moisture on the 
samples acid and the surrounding atmosphere 

to contain hydrogen sulphide. Although the 
conditions of the test — being accelerated — were 
more stringent than usually found in the plumbing 
system, all of them are present in the ordinary waste 
system to a lesser degree. 

The duration of the test was one year and the Furthermore, lead was the only metal not 
table below shows the corrosion rates of the various affected by pitting. All the other materials were 
pipe materials tested. pitted in varying degrees with one of the most com- 
monly used competitive metals having pitted com- 
pletely through the wall of the tubing. 


100 





Data from “Comparative Cor 
CORROSION RATES _....... Study of Soil, Waste and The results of the test prove conclusively that 


Vent Pipe Mcterials” by John D. Kane, Chief Plumbing for the conditions encountered in soil, waste and 
Inspector, Dept of Public Works, Fort Worth, Texas, pre ° 


sented at the 1949 Annual Convention of the American Soci vent lines, lead Is, by far, the most enduring pipe 
ety of Sanitary Engineering material. 





WEIGHT LOSS VOLUME LOSS 
SAATERIAL OZ. SQ. IN. YR.| IN. PENETRATION YR 


TEAD 0.00167 0.000259 
CAST IRON ~~ 0.02510 0.005540 





sRASS) SS ; 0.04910 0.009660 


GALVANIZED a F 
cure. eos» | con | ST. JOSEPH LEAD co. 


GALVANIZED rrr 
STEEL 0.004758 


COPPER TUBING ak 9.019720. 250 PARK AVENUE, NEW YORK 17 


oo1s2s 
° THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 
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ALUMINUM 0.00270 














SEVEN STRONG REASONS 


A better steel for the purpose in 
hand has always found favor with 
manufacturers of commercial 
vehicles ... currently the trend 
is to N-A-X HIGH-TENSILE steel, 


MAKE A TOW OF SHEET STEEL . 


7s 


: GO FARTHER 


ms NAY 


H ° 
IGH TENSILE STEEL 


GREAT LAKES STEEL CORPORATION 


N-A-X Alley Division, Ecorse, Detroit 29, Michigan 


NATIONAL STEEL ie CORPORATION 





Tough Machining Problems 


Solved with Jal Cold-Finished 


JALCASE 10 


Mavhe you have n't gotten the word 
yet, but more and more machinists 
are “discovering” Jalease 1O(A.LS.1 
No. C-1144), the top grace of J&l 
Cold-tinished Jalease. And they're 


getting good results, too! Here’s why 


Jalease 10 1s the highest carbon 
grade of Jalcase; it has high me 
chanical and machinability proper 
ties. [his makes Jalcase 10 ideal for 
those tough “in between” machin 


ng appli ations. For instance: 


Many times the finished-parts 
specihcations on a ob call for a 
high degree of hardness, but not as 
high as that obtained through heat 
treating the finished part. In these 
appheations, manufacturers and ma 


chinists have found it prohtable to 


from 14 va 


HIGH MECHANICAL AND 
MACHINABILITY PROPERTIES 
SAVE TIME AND MONEY... 
... PRODUCE BETTER PARTS 





use Jalcase 10 and dispe nse with the 


he at-treating alroge ther 


This saves production time and 
cuts down on costs. And Jalease 
10's high quality produces a better 
finish. It's worth your while to try 


Jal ASt 10 on your screw mac hines 


JONES & LAUGHLIN STEEL CORPORATION 


IAL. manufactur a ‘ull dime 


ti@ 


PRINCIPAL PRODUCTS: HO! ROLLED ANI LD FINISHED 
BARS AND SHAPES + STRUCTURAL SHAPES - HOT AND COLD 


ROLLED STRIP AND SHEETS + TUBULAR, WIRE AND TIN MILL 


PRODUCTS - 


**PRECISIONBILT’’ WIRE ROPE + COAL CHEMICALS 
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GET THIS BOOKLET 


FREE 


You'll want more infor- 
mation about Jalcase 10 
. and the other nine 
grades of Jalcase. Our 
booklet entitled ‘You Can 
Make Them Better with 
J&L Cold-finished Jal- 
case’ contains informa- 
tion and technical data to 
help you produce better 
parts. This illustrated 
booklet is yours for the 
asking. Write today! 


MAIL THIS 
COUPON 


Jones & Laughlin Steel Corporation 
405 Jones & Laughlin Building 


Pittsburgh 30, Pennsylvania 


Please send me a free coy 
You Can Make Them Bert 
J&L Cold-Finished Jalcas 


RI 





YEAR MACHINES! 


(SPENCER TURBO-COMPRESSORS) 


A study of typical plants where Spencer Turbo-Compressors have 
been in use ten years or more shows less than one dollar per year 
per machine for spare parts. 


The centrifugal design with wide clearances, low peripheral speeds 
and only two bearings to lubricate is partly responsible for this record. 


Original test efficiencies are maintained for the life of the machine. 
Power is used only in proportion to the load—and efficiencies are 
high at all loads. 


Spencer Turbos have been the preference in heat treating for many 
years. ‘Other uses’ however have been increasing rapidly. Here 
are some of the special services that are being rendered by 


GAS BOOSTERS VENTILATION 
SPENCER 
Atmos Gas Producer AND COOLING 


TURBOS Gas Plants Scale Blowing 


ae: ' Glass Cooling 
AGITATION Premixing Equipment —— 
unnels 


Electro Plating GAS ENGINE suacen penne 


ASK FOR THESE BULLETINS ae ree i Glass Blowing 
ewage uper-chargin sm S : 

a a a Yeast Engine rien Tin Plate Cleening 
DATA BOOK No. 107 
GAS BOOSTERS No. 109 
FOUR BEARING No. 110 Spencer Turbos are standard in capacities from 35 to 20,000 cu. 
BLAST GATES No. 122 ft.; '/s to 800 H.P.; 8 oz. to 10 Ibs. Four bearing, gas tight; single and 
FOUNDRIES Neo. 112 multi-stage. 


THE SPENCER TURBINE COMPANY * HARTFORD 6, CONNECTICUT 
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A Digest of the Production, Properties, and Uses of 


Steels and Other Metals 


Published by Electro Metallurgical Division, Union Carbide and Carbon Corporation, 30 East 42nd Street. 
New York 17, N. Y. + In Canada: Electro Metallurgical Company of Canada, Limited. Welland. Ontario 





SILICON . . . Deoxidizes, Increases Strength 
and Improves Electrical Properties of Metals 
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vf chill and 


larger amounts 


’ viding 1 control over depth 


sometimes as muc h as 14 per cent silicon 


physical properties 


makes cast iron suitable for handling highly 


corrosive acids in chemical plants 


Improves Non-Ferrous Alloys 


used non-ferrous alloys to 


and t 


Silicon 
increase strength and har Iness 


r 


iluminum a 


1s in 
if 
. im 


n e ther physic al pr perties In Various 
llovs, as much as 18 per cent 


( alk 


tre que ntiy contain silics n f T< xample the 


‘ be used pper Vs, tox 


' Available Alloys 


ilicon is produced by ELectromet 


forms listed below, which 


in 


: every us f the } 
us metal industry. | 
{ these a 
Fi ecrromMet 
This booklet de 
all vs produce | 
f the 


the 


booklet 
Metals 
metals an | 


by Erecrro 


technical serv 


and tells 
fered t 


MET unique 


1 
mee metal industries 


The 


track 


Ele 
t 


EM 


arbicte sm 


term 
marks 


Corporation 


tr 


SMiZ are 
: 4 


rrnet and 


Union ( arbor 


ind form, this alloy is used in the “sink and floa 
f concentratmg ores 


block; and 


productior 


for 
t 


a deoxidizer; as a furnace 
to fill specifications the 
no the production of cast iron 


vy used as 
sil 


Als« 


cor mn 


used 


mainly om the production of electrical sheet steel 


aluminum grade only 


ible in low 


cb dt 
particularly 
Ise 


a deoxidizer ar c 
steel 


for ! 


alloying purposes 1 b 
ng high per 
additions to cast 


is 
ot 


silicon 


steel onmtair 


t used adle 


7s rosilicon. Permit 


f same general purposes as fer 
chilling effects 


harmful 


additions without 
‘ i as 
b 


r same general purposes as ne ferr 


Permits large silicon additions without harmful ch 


the non-terr 
t 


ream 


viustry, pa slar 
nd « alloys. Als« 


ompounds k 


us 


luminum »pper 


the s we 


pecial applications requiring 


st purity 


adit 
graphitiz 


ons if 


ng effect 








30KW, 10,000 cycle TOCCO machine 
surface-hardening conveyor wheels 


with TOCCO' Induction Heating 


PROBLEM: Cleveland Crane and Engineering Co. 
hardens the running surface of steel drive wheels 
and idlers used in their tramrail overhead materi- 
als handling equipment. Flame-hardening limited 
their production to only 300 wheels per day— 
rejects ran as high as 55%! 


SOLUTION: A 30KW, 10,000 cycle TOCCO 
machine to provide speedy automatic heating. 


THE OHIO CRANKSHAFT COMPANY 


RESULT: Production increased 250% — costly re- 
jects eliminated, a completely automatic “‘virtually 
foolproof” operation. The TOCCO machine, in 
use for two years, has required no maintenance 
other than regular lubrication! 


Like to duplicate this success story? Why not have 
a TOCCO engineer survey your hardening, braz- 
ing, forging or melting requirements for similar 
cost-cutting results ? 


Mail Coupon Today 


THE OHIO CRANKSHAFT CO. 


BULLETIN Dept. &-11, Cleveland 1, Obie 


Please send copy of “A TOCCO 
Plant Survey —Your Profit Possi- 


bility for 1950". 
960000 neeeee 
SS 


Company—_._. 


Address. 


== 
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ELEVATED TEMPERATURE 
PROPERTIES 


For of Type 321 
Titanium Stabilized Austenitic 


Figuring High Chromium Nickel Steel 
Temperature ae 


Creep: 16,000 
1%—10,000 hrs. 


Applications 1,000 
of Stainless fae i 
Steel... 21,000 


12,000 


A.1.S.1. type 321 


Titanium stabilized stainless steel offers many competitive advantages at a substantial 
saving in cost compared to other types of stabilized stainless. The excellent high temperature prop- 
erties, shown here, are an example. Alloys of Titanium used in making type 321, are made at 
Niagoro Falls from U.S. ores. This assures the user o plentiful supply of type 321 stainless steel. 


TAM does not make or supply steel of any kind. But, as developers of titanium alloys such as 
25% and 40% Low Carbon Ferro Titanium required in making 321, we can furnish much worth- 
while data. Write ovr New York office. 


TAM 
PRODUCTS 
*TAM is @ registered trademark. Regtetored U.S. Pa. OF 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Office: 11] BROADWAY, NEW YORK CITY - General Offices, Works, and Research Laboratories: NIAGARA FALLS, N.Y 
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193 perfect pieces per hour 


with scole-free a on ae 


BIGGEST ADVANTAGE OF AJAX-NORTHRUP HEAT’ 


—SAYS LARGE FORGE PLANT 


With ordinary furnaces, as much as 3 64” of a billet may peel off into scale 
—scale that wastes tons of steel, wears away dies, pits surfaces. But in up- 
to-date shops, modern Ajax-Northrup furnaces heat billets so fast there's 
no time for scale to form. This saves up to 20% of the steel cost for some 
forgings, with longer die life, closer tolerances and smoother finish. No 
start-up time; no need to pull stock out of furnaces during shut-downs. 

Many types of Ajax-Northrup furnaces are available to heat all or any 
required portion of a billet with precise temperature gradient and control, 
and with complete automatic timing and feeding. Trouble-free motor-gen- 
erator power sources with flexible hook-ups handle a wide variety of jobs 
with reasonable investment and remarkably low overall forging costs. Call 
on Ajax-Northrup’s 34 years of experience. 


Write for copy of Ajox 
Northrup Heoting Bulletin 13A 


AJAX ELECTROTHERMIC CORPORATION : HEAT 
AJAX PARK, TRENTON 5, N. J. : ; - 


AJAX ELECTRO METALLURGICAL CORP © AJAX ELECTRIC COMPANY, INC 
an 
AJAX ELECTRIC FURNACE CORPORATION © AJAX ENGINEERING CORPORATION , MELTING 
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HIGH FREQUENCY INDUCTION FURNACE lined with Norton RM-1169 Magnorite” 


cement having a maximum use temperature of 3250 F 


LINED TO LAST AT 3250 F 
... with Norton MAGNORITE Cement 


To get more heats out of vour high frequeney induction furnace linings, try 
dry-ramming with Norton RM-1169 Magnorite cement. RM-1169 is a 
result proved mixture of very coarse electrically fused magnesia grain and 
enough ceramic binder to give you a dense pack Maturing at 2100°F, it 
takes te mpecratures up to 3250 F in stride. RM-1169 matures in the first 
heat at the inner edge only. No all-the-way-through cracks to short out 
vour furnace! Easy and HEX pensive toinstall, it also gives voualining that's 
easy to patch. It will pay vo o make a test run of Norton RM-1169 
Magnorite cement next time one of vour furnaces needs relining. Ordet 


from vour nearby Norton refractory distributor. NORTON COMPANY, 
WORCESTER 6, MASSACHUSETTS 


WNORTONK 











Making better products to make other products better 


Special REFRACTORIES 


Canadian Representative 
A. P. GREEN FIRE-BRICK CO., Ltd. TORONTO, ONTARIO 
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Up-To-The-Minute 
Facts About 
Refractory 


Cements 


“The most helpful 
bulletin on 
refractory cements 


ever published”’ 


ngs and detail 


Selection charts 
tin contained nothing but its two 
t would be well worth sending 
ou know the right cement for 
etal-melting furnaces, for brick le 
or resistor imbedding, for burner blocks 


und tunnels 


*‘How To”’ Instructions 
Other subjects covered by this booklet include 
correct preparation, proper installation, drying 
and maturing... all the do's and don'ts that 


add up to longer-lasting cement applications 


Write for bulletin 863 
NORTON COMPANY 


321 NEW BOND STREET 
WORCESTER 6, MASS. 


* Trade-Mark Reg. U.S. Pot. OF 


and Foreign Countries 
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In an article, “Conservation of Columbium™, in Metal Progress for July, John F. 
Tyrrell urged the rather general substitution of titanium-stabilized steel (Type 321) 


for the columbium-stabilized grade (Type 347). 


Here are the reactions of 56 British and 


American metallurgists from all industries concerned. Besides comment on Mr. Tyrrell’s 


main thesis, the discussion includes other closely related matters not dealt with in the 


original article 


for instance, the use of stabilized steels in the chemical industries. 





Conservation of Columbium 


A Summary of British and American 


Experience With Stabilized Stainless Steels 








*When in Doubt...” 


JEANNETTE, Pa 
We believe that Mr 
done the country a real service by 


Iyrrell has 


bringing the long-standing contro- 
versy between Types 321 and 347 
out in the open. We have largely 
been guilty of the policy “When 
in doubt, specify 18-8 columbium”. 
Mr. Tyrrell makes it obvious that at 
least where sheet products are con- 
cerned, we should not be in doubt 
about the over-all serviceability of 
18-8 titanium 
The big problems with the tita- 
nium-bearing steels have been clean- 
liness and quality. Solar’s experience 
demonstrates that these problems 
have been solved for sheet products, 
at least by some suppliers 
C. T. Evans, JR. 
Chief Metallurgist 
Elliott Co. 


Supply Situation 


PITTSBURGH 
Mr. Tyrrell’s article is not only 
of considerable interest to users and 
makers of stainless steel, but also is 
unusually timely We who manu- 
facture stainless and heat resisting 
alloys have long been concerned 


about alloy conservation, which is 
so vital to our national security 
In the few short years since World 
War II, the consumption of steels 
containing large quantities of chro 
mium, nickel, tungsten, cobalt and 
columbium has increased tremen 
dously. This puts a strain on the 
facilities which produce such raw 
materials to the extent that they 
cannot always meet the demands 
imposed on them. The result is a 
shortage of high-alloy steels, even 
though the actual steelmaking ca 
pacity is adequate. However, this is 
not nearly so serious a condition as 
allowing ourselves to become de 
pendent on metals or ferro-alloys 
which might suddenly become prac 
tically unavailable in an emergency 

In his article, Mr. Tyrrell has 
contributed knowledge gained over 
a period of years in the production 
of “more than 400,000 exhaust mani 
fold sets for aircraft engines”. The 
data obtained from such extensive 
experience certainly should com 
mand the attention of all production- 
minded engineers. Too often our 
decisions as to the use of high-alloy 
materials must be based on the re 
sults of isolated laboratory tests 
which do not always duplicate an 


ticipated service conditions. In this 
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Wasuineton, Oct. 19 Ihe 
entire production and use of 
columbium-bearing stainless 
steels will be reserved for 
defense needs under an order 
issued today by the National 
Production Authority. The 
order, NPA Order M-3, pro- 
hibits the use of ferrocolum- 
bium-bearing steels or ferro- 
tantalum-columbium-bearing 
steels where any other substi- 


tutes can be used. 











instance, we are assured that, using 
proper production techniques, Type 
321 steel can be formed, welded and 
used without difficulty 

The important question to be an 
swered in considering steel appli 
cations is not, “How much better is 
Type A than Type B?” but rather 
“Which steel will provide the re 
quired properties at minimum cost 
per fabricated unit?” 

From the standpoint of the steel 
maker, our chief interest lies in our 
ability to supply the needed mate 
rials. With respect to the stainless 
steels under discussion, manufacture 
presents no unusual problems, and 





we are limited within present ca 


pacities only by the availability of 
the alloying elements involved 
D. W. KAUFMANN 

Metallurgist 

Crucible Steel Co. of America 


British Aircraft 
FARNBOROUGH, ENGLAND 
Broadly 
ence in this country 


speaking, our 
confirms Mr. 


experi 


Iyrrell’s recommendations and sug 
further efforts 
columbium conservation 


guests that toward 
would be 
worthwhile. The use of columbium 
for aircraft purposes falls into two 
categories: (a) high-temperature 
materials of the so-called super 
alloy type, and (b) general-purpose 
18-8 type 


high-temperature 


sustenitic steels of the 

Considering 
inaterials first, the best turbine blad 
of the best disk 


have been co 


ing alloys and sore 
illoys in the | S 
lumbium-bearing 

I k. 


much 


whereas in the 
columbium has never found 
ipplication in blading mate 
rial but has been used extensively 
in disks Our practice has 
due to the that the 


columbium-bearing alloys have re 


been 
experience 


markable casting and forging prop 
erties so that large masses can be 
produced with great reliability. The 
titanium-bearing alloys can be pro 
duced best in small masses suitable 
for blading At every stage of en 
gine and alloy development there 
has been a titanium-bearing mate 
rial with properties equivalent to 
the columbium-bearing alloy, but 
these have not been used in large 
forgings because of production dif 
ficulties Pre 


well be a 


duction rates might 
lominant factor in war 
time and would suggest that an 
rddition » the 
research inte production 

would be ile sit ible ] ven 
though the 


titantum-bearing 


extensive 
nethods 


present 


production an 

tllows 

extended, it will be a long time 
before they are made as readily as 
illowvs 
IS-S type of ma 


eurrent columbium-bearing 

Furning to the 
terial, the same considerations apply 
but to a lesser 


extent Generally 


better and cleaner ingots are more 


readily produced with columbiun 
than with titanium, but no real dif 
ficulty is found with the latter 
Production of I8-8Ti in this coun 
try has always been much more ex 
than production of 18-8Cb 

to such an extent that 18-8 Ti can 
properly be regarded as the stand 
ard welding quality of 18-8 


tensive 


quantities of this material have been 


used successfully for components 


such as engine exhaust manifolds 
or the sheet metal parts of turbines 
The advantages of using 18-8Cb in 
aircraft appear to be in the produc 
tion of intricate castings and in 
having a more pleasing appearance 
in the highly 
sheet. These seem slight advantages 
to offset 


which can be raised to its uses 


surface of polished 


against the objections 


The situation has now been 
reached when columbium is being 
recognized for what it is a rela 
metal. It is likely to 
readily 


tively rare 
become progressively less 
ivailable, and even if available its 
price must almost certainly increase 
substantially. Economic factors will 
therefore 
efforts to 
substitutes, but some of these will 


operate tending to in 


crease dlevise effective 
require extensive research and may 
take considerable time Im the 
meantime, as Mr. Tyrrell shows, an 
effective substitute is already avail 
ible in certain fields of application 
vhile in others columbium has dis 


tinet advantages and no replace 


ment is possible It would be a 


praiseworthy act of self-discipline 
if manufacturers could reach agree 
ent in limiting the use of colun 
bium to essential 
it’ the 


search 


ipplications, and 
same time initiate the re 
possibly on a cooperative 

sis, necessary for extending the 
use of substitute materials 


L. ROTHERHAM 
f } 


Haves, ENGLAND 
This country has many vears 
successful 
ibility of titanium-stabilized steels 
to support Mr 
dation 


experience of the reli 


Iyrrell’s recommen 
Application of 


stainless steel in British aireraft is 


musteniti 


usually restricted to ¢a/ parts re 


quiring heat resistance, including 


Strength at elevated temperatures 


b) where cadmium-plated ordinary 


steel is unsuitable, and w here 


not idnetic properties are essen 


tial. For upwards of 20 years, all 


used in 
the British aircraft industry (18-8 
and the later 23-14 and 23-18 heat 


resisting types) 


austenitic stainless steels 


have been stabilized 
to pass the weld decay test It is 
probably safe to say that well over 
90 of these 


bilized with titaniun 


Steels have been sta- 
In the main, it is difficult to dis- 


criminate between titanium-stabi 


lized steels and columbium-stabilized 
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steels for ordinary purposes but, on 
account of the increased cost of the 
addition, the 


use of columbium (which has shown 


required columbium 


no apparent advantages) has not 


found favor for the general con 
Structional varieties 
however 


In certain instances 


we have found that columbium has 
advantages It is standard prac 
tice to use columbium in place of 
titanium in electrodes It is also 
found that columbium-treated steel 
can be given a much more highly 
polished finish than a corresponding 
which may 


titanium-treated steel 


contain titanium inclusions. How 


ever the tonnage of columbium 
treated material is small 

With regard to the « 
of the 


columbium-stabilized steels for high 


mparison 
properties of titanium and 
temperature purposes, as for turbine 


blades in jet engines, while indi 
vidual investigators appear to have 
high-ten 


exall ple 


noted differences in the 
perature properties (for 
creep), it is not altogether certain 
that the differences found are attrib 
utable to the type of stabilizing ele 
ment, as the basic composition and 
iterial can be 
rherefore, it 


yeneral opinion that any dif 


structure of the 1 
much more influential 
Ss the 
ferences between columbiun ind 
steels are only slight 
W. E. Cooper 

Chief Metallurgis 
Aviation Co 


titaniun 


Fairey 


Epitor’s Nott rhe 
letter Mr W 
f t 
the Brit 
I re than e 
the last war 
erned with the 
Common wealt! 
ability scn 
equenttly 


\eronaut 


Is Stabilization Necessary? 
BARTLESVILLE, OKLA 

The oil industry uses large ton 

ages of 18-8 and other 

steels in gas cracking and in still 

Many of 


welded construction 


musteniti 


installations 
Metal 


generally in the 


tubes these 
ire of 
temperatures are 
carbide during 


precipitation range 


operation. Therefore, it was origi 
nally believed necessary to use sta 
bilized grades 

Operating experience showed that 
the inside of the tubes became car 
burized in service. Because of the 


increase in carbon content, there 


was not sufficient columbium of 





titanium present to ke 
stabilized. If the 
main stabilized 


the 
do not re 
service, why 
in the first 
installations now 
18-8 
iustenithe 


ep metal 
tubes 
in use 
stabilized steel 
Most 
with 


stabilized 


place”? 
are mack 


ordinary and other 


un- 
and the 


ly satis 


steels, 
performance has been entire 
factory 
of 


not 


here are other applications 
that do 
grades 
the 


range Is it 


welded austenitic steels 
the 


they 


require 
though 
carbick 


Stabilized 
even operate i 
precipitation 
that the 


manifold is such an 


possible iircraft exhaust 
ipplication” 
M. FE. HOLMBERG 


Phillips Petroleum Co 


Aircraft 


American 


Dayron, Onto 
for 
manufactured 
but corrosion 
strength at 
peratures led to the 
introduction of 18-8 stainless steels 
The unstabilized 
unsatisfactory 


Phe 
craft engines 
from 


exhaust equipment air 
was first 
low-carbon steel 
and low mechanical 


operating ten 
stainless proved 
due to a combination 
and 
rt the 
subjected to 

(The 
shows a 
that 
welded seam in an exhaust manifold 
the 
and 


of operating stresses corrosion 


in those po ms of manifolds 


which were high flame 


temperatures rccompanying 
illustration characteristic 


service failure occurred near a 


made of naterial 
the 
extent of corrosion on) specimens 
taken adjacent to the crack.) 
ilso very difficult to clean the 


except by 


unstabilized 


micrographs indicate 


ty ye 
It was 
equip 

pick 


ment on overhaul 


service Failure 


Fig. 1 


a 


ft 


Fig. 2 
B.24 


From a lirplane 
| 


li britth 


material 


ne, Which causes ¢ nent of 


the unstabilized 


The 


steel since the 


use of stabilized stainless 


early 1930's has prac 
eliminated al 
due to desiat 
stallation. More 
epidemic of 


found necessary 


tically failures, except 
faulty in 

iffter an 
has 


to a 


super hargers 


those amd 
recently 
failures, it been 
to chanae sta 
bilized material is 
to the 


brittlement of unstabilized Type 316 


lue rapid corrosion and en 
rhe problem of selecting the cor 

rect steel for application at elevated 
temperatures 1s 
the 
often not completely 
trollabl The 
made on the 
previous 
rhe 


a material 


never simple, be 


cause operating conditions are 


known or con 
selection is normally 
basis of engineering 


properties experience ind 
engineer is reluctant 
that 


Failures during 


economics 


to chanue has given 


satisfactory service 
operation sometimes compel it 
In the life 
the character and frequency of re 
pairs on aircraft components 
to a 
and 
differences 


general service and 
are il 
extent 


by 


the properties 


fluenced much greater 


by design installation than 


small in 


Steel 


Failure in Corroded Turbosupercharger Nozzle Bowes 


is unstabilized 116 


Type 
of 
operating experience with equipment 


both 
steel have not indi 


{f the materials. Several years 


fabricated from grades of sta 
bilized stainless 
cated 
for 


ever 


advantage 
47. How 


columbium has always been an 


inv preference of 


either Type 321 of 
limited 
of the 


is there 


available only 
to the 
supplies 
that 
practh al approac h to 
conservation is to encourage the 
of $21 for the compo 
nents referred to Mr. Tyrrell 


J. B. JOuUNSON 
ef, Metallurg, 


Office of Air Re 


clement in 


mounts, duc searcity 


known ore ind it 


fore essential columbium be 
conserved \ 
use 
yy steel 
by 
«} Group 
earcn 
Sr. Louis 
The Types 321 


stainless 


both and 


steels 


use of 
M47 
ponents has been 
There 


logical 


in aireraft com 
of 
seems never to have 
for My 
applications except for the 
that at was 

readily 321 
This, no doubt accounted 


for the fact that 347 is 


1 practice lon 


standing 
been a reason using 
in these 
fact 


certain times it 


nore ivailable than 


can be 


by more 


Near U eld in Lahaust Manifold Made From | nstalilized Stainless Steel 





widely used in the chemical indus- 
try, particularly to resist nitric acid. 
Since there was little or no differ- 
ence between 321 and 347, with re- 
spect to mechanical properties, the 
use of 347 was attempted. In most 
parts, Type 347 was suitable except 
in some isolated instances where 
deep draws were required. For these 
reasons, 347 was accepted as an 
alternate for 321, even though it was 
generally somewhat more expensive. 
Our experience with using the two 
materials indicates that either is 
suited to use in aircraft 
components. Primarily because the 
need has not arisen heretofore, no 
attempt has been made to standard 
ize on either type of stabilized steel. 


equally 


In order to assist in conserving 
columbium, this company now pro- 
poses to specify Type 321 titanium- 
stabilized 18-8 stainless steel on all 
new designs which require corrosion 
resistance and heat resistance and 
also to analyze its present usage of 
Type 347 columbium-stabilized 18-8 
with the purpose in mind of re- 
placing all 347 with 321. A recent 
preliminary survey of this problem 
indicates that 347 can be replaced 
with 321, thereby conserving con 
siderable quantities of columbium, 
nickel and manganese. 


L. H. McCreery 
Metallurgist 
McDonnell Aircraft ¢ or} 


Woovo-Ringe, N. J 

We have used both columbium 
Stabilized and titanium-stabilized 
steels, but have specified Type 347 
for some parts made from tubing, 
not because of stabilization, but be 
cause df seams caused by titanium 
in the Type 321. There are many 
applications in which Type 321 tub 
ing is quite satisfactory when prop 
erly produced. However, one of our 
suppliers had difficulty making the 
321 tubing and since we knew that 
it tends to be seamy, we discontin 
ued the use of titanium-bearing steel 
on thin-wall parts 

There is no question that the 
seams in some of the titanium 
stabilized tubing we used were a 
source of mechanical weakness. We 
first had engine failures and then 
set up an inspection method that 
would detect the defective tubing 
and permit it to be separated. Later, 
we concluded that discontinuing the 
use of Type 321 tubing was a safer 
procedure for the aircraft parts in 
question, 

Our application was fuel-injection 
lines operating at low temperature 


and the only reason for stabilizing 
was to prevent carbide precipitation 
during brazing. After first changing 
to the columbium type, we subse- 
quently adopted unstabilized 18-8 of 
low carbon content, because the 
producers stated that manufacturing 
procedures were simplified when no 
columbium was used. 
B,. CLEMENTS 
Metallurgical Engineer 
Wright Aeronautical Corp 


Los ANGELES 

Although there may be differences 
of opinion concerning the proper 
stabilizing agent for 18-8, there can 
be no argument about the columbium 
supply situation 
shortage in supply 

Among the aircraft applications 
of stabilized 18-8 mentioned in Mr 
ryrrell’s article, one of the most 
demanding has been exhaust collec 
tors, which generally operate with 
high pulsating stress at about 1200° 
F. For such components, even small 
differences in design are 


there is a serious 


sufficient 
to mask any effect from differences 
in material that might otherwise be 
noticeable. North American Aviation, 
Inc., has had no opportunity to 
compare service performance of 321 
with 347 in identical design. Our 
experience with designs that are 
similar but not identical indicates 
no significant difference in service 
performance between 321 and 347. 
Because 347 uses the more strategic 
columbium and is more costly than 
321, we prefer 321 Problems of 
ready availability have often dic 
tated the use of 347 interchangeably 
with 321 

We have found no real difference 
in the forming properties of 321 and 
347 which could be attributed to the 
stabilizing element, and we feel that 
any difference which might exist is 
masked by the pronounced 
effects of tooling and fabrication 
method 


more 


Similarly, neither alloy poses any 
problem in welding rhe only re- 
quirement we consider necessary is 
that columbium should be the sta 
bilizing agent in filler rod used in 
fusion welding. If an inert-gas 
shielded are is used and no filler is 
required, as in a “flange burndown”, 
no differentiation is made between 
the two steels 

R. R. JANSSEN 
Material and Process Engineer 
L. P. SPALDING 
Director of Research 
F. B. Bore 
Assistant Chief Research Engineer 
North American Aviation, Inc 
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SEATTLE, WASH 

It has been our experience that 
Types 321 and 347 can be used in 
terchangeably for aircraft applica- 
tions and we so specify on our 
drawings. We actually purchase 
considerably more 321 than 347 be- 
cause of its lower price and gen 
erally increased availability 

Types 321 and 347 were used 
interchangeably on the B-17 and 
B-29 airplanes. They were used in 
all applications where stainless steel 
was assembled by welding. The 
welding was done with columbium- 
stabilized rod and no difficulty was 
experienced with Type 321 

Other applications for these 
steels were where the temperature 
was to be in excess of 800° F. This 
included the exhaust 
shrouding of 
exhaust system. 


system and 
some areas of the 
Service experience 
has shown 321 to be satisfactory 
when operating below 1500° F. 

The reciprocating engines now 
being used on larger aircraft are 
developing exhaust gas tempera- 
tures in the vicinity of 1850° F., 
and the exhaust stack material 
must give a satisfactory operating 
life. The effect of temperature on 
the properties of various heat re- 
sistant materials when tested in air 
at service temperatures is available, 
controlling 
factor. The corrosion plus high- 


but this is not the 


temperature oxidation and erosion 
effect of the service environment 
are the predominating factors 

We have used a cyclic test to 
evaluate several materials for actual 
service tests. This laboratory test 
was developed by the General Elec- 
tric Co. to simulate service condi 
tions (see /ron Age, March 6, 1947). 
The test attempts to follow the 
eycle of actual operation in which 
the products of combustion § are 
deposited on the stack wall. When 
the engines are stopped and _ the 
stacks cool, water condenses on the 
walls. The engines are again started 
and the stack temperatures rise to 
the operating temperature. In the 
cyclic test a sample of metal is 
placed in a 250-ml. beaker contain 
ing 150 ml. of distilled water and 
5 g. of PbBr.. The beaker is then 
placed on a hot plate and allowed 
to evaporate slowly to dryness and 
baked for 5 to 10 min. The temper 
ature of the solution is maintained 
between 140 and 160° F. and 12 to 
16 hr. are required for 
evaporation. The solution is stirred 
approximately every 2 hr. After 
baking, the dry piece is placed in 


complete 





Titanium-Stabilized Steel (Type 321) 


Specimens Tested for Susceptibility to Lead Bromide 


a shallow quartz boat and heated 
1 hr. in a furnace at an elevated 
temperature representative of serv 
ice temperature and allowed to cool 
in air; then distilled water is added 
and the complete cycle is repeated 
twice. The accompanying illustra 
tions representative cross 
sections of 321 and 347 tested in 
this manner. The three specimens 
on the lower half of each macro- 
graph were cycled to 1200° F. and 
the three on the upper half were 
cycled to 1500°F. This indicates 
superiority of Type 321 when sub- 
ject to lead bromide attack under 
the test conditions 


show 


It is our opinion that 


tests or simulated service tests are 


service 


the only satisfactory means of com 
paring different alloy compositions 
and of assuring satisfactory service 
from materials exhaust 
stacks of reciprocating engines used 
on the larger aircraft The high 
temperatures, in conjunction with 
stresses, leaded fuel and other oper 
factors, result in conditions 
that cannot be duplicated in stand 
ard test procedures, 

JOHN W. SWEET 

Chief Metallurgist 

Boeir g Airplane Lo 


used for 


ating 


HawTHorne, Cae. 
Mr Iyrrell’s remark that the 
columbium in Type 347 
carbide 


prevents 
precipitation during exp 
sure in the sensitizing range of tem- 
peratures is in my opinion subject 
“Substantially reduces” 
might be a better expression 


to review 


In my opinion his demonstration 
formability of 321 
over 347 is corollary with the in 
creased hardening effect of colum 


of the superior 


bium compared to titanium, and also 
the slight advantage of 347 over 321 
in terms of creep strength above 
1000° F rhis latter point is more 
academic than significant to aircraft 


design. Northrop Aircraft, Inc., has 


established equivalence for most ap 
plications, especially in the moder 
ate temperatures below 800° F 
The welding technique is believed 
to be more critical with 321 than 
347 because of the questionable re 
placement, completely, of titanium 
starved areas. For that reason ex 
treme care is exercised by us in the 
use of columbium-rich metallic ar« 
rod for welding 321 
K. F, FInLay 
Metallurgist 
Process Engineering Dept. 
Northrop Aircraft, Inc 


East Hantrorp, Conn. 

Our use of the two grades of 
stabilized stainless steel has been 
for jet engine components and has 
been quite limited, since the major 
ity of the sheet metal parts require 
the maximum resistance to oxida 
tion and corrosion that is attain 
able For this reason, 25-20 Cr-Ni 
steel or alloys of the Inconel tyyx« 
are finding wider application 

Except for 
to facilitate certain processing pro 


special purposes or 


cedures, it is my opinion that Types 
347 and 321 are equivalent and that 
for the majority of 
either grade can be 
employed. 


stances where we feel the somewhat 


applications 
successfully 


There are a few in 


higher creep strength obtainable 
with 347 is an advantage Also, we 
have found that 347 is 


where silver or copper 


superior 
brazing is 
specified, since 347 is more easily 
wetted and gives off less gas at the 
brazing temperatures than does 321 
Where resistance welding is speci 
fied, the titanium grade seems to 
offer an advantage For 
welding, either grade is 
tory, but the columbium-stabilized 


welding rod is specified 


fusion 
satisfac 


In my opinion, the strongest ar 
gument for 347 over 321 is that it is 
more uniform; also, it is 


cleaner 


usually 
Once the melting problem 
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ittack at High Temperature 


Columbium-Stabilized Steel (Type 347) 


John UW 


Smwet) 


is overcome, the biggest handicap 
with the 321 grade, in 
my opinion, will have been solved 
R. H. THIELEMANN 
Development Metallurgist 
Pratt & Whitney Aircraft 


associated 


West Lynn, MASS 

General Electric's experience has 
been primarily with Type 347 stain 
less steel. This was originally 
chosen because of slightly higher 
creep and rupture strength, supe 
rior welding characteristics using 
hydrogen 
(which was in 


the atomic process 
wide use at that 
time), and lower susceptibility to 
corrosion in the 
With the shortage of 
ferro olumbium, considerable effort 
replace the 
columbium-stabilized steel with the 
titanium grade (Type 321) and with 


appreciable success 


intergranular 
Strauss test 


has been made to 


The chief disadvantage with 
Type 321 is the difficulty it presents 
in welding with the atomic hydro 
gen process. In the last few years 
there has shift from the 


atomic process to the 


been i 
hydrogen 

inert-gas-shielded are process; how 
ever, there still remain 
applications for the hydro 
gen process. The trouble lies in the 


numerous 
atomic 


formation of a scum which makes 
atomic hydrogen welding slow, dif 
ficult, and of poor appearance 
Also, 321 has been difficult to 
produce surface quality 
This is of con 


with a 
comparable to 347 
siderable importance in some parts 
that are subject to fatigue stresses 

Welding experience with th 
inert arc, metal are and resistancs 
techniques substantiates the work 
done by Mr. Tyrrell Type 321 of 
fers a definite advantage over 347 
in the inert-gas-shielded are proc 
ess, as it is apparently not so sub 
ject to weld cracking when the joint 
is made at high speeds 

No difference has been observed 





between 321 and 347 in th 
methods of forming 


various 
Shop proce 
dures have not been changed other 
than to lower the annealing tem 
perature to 1800° F. for 321. 

With regard to stabilization of 
ype 321, it appears that the indus 
try-wide standard, requiring a 
titanium content of five times the 
carbon content, is too low, and that 
a minimum of six times carbon is 
This fact has been noted 
in laboratory examination of vari 


desirable 


substantiated in 
publications by S. J. Rosenberg of 
the Bureau of Standards (See, for 
instance, “Stabilization of 
itic Stainless Steel 
American Society for 
11, 1949, p. 1261.) 
Another possible solution to the 


ous heats and is 


Austen 
Transactions, 


Metals, Vol 


program to conserve columbium is 
the use of somewhat more available 
ferrotantalum-columbium to stabi 
lize the austenitic stainless steel. 
rests are in progress on several 
heats with varying ratios of colum 
bium plus tantalum to carbon 
Phere seems to be very little differ 
ence between the corrosion charac 
illoys and the 
regular Type 347 The ratio of 


columbium plus tantalum to carbon 


teristics of these 


has to be about 11) minimum for 
complete immunity to intergranular 
ittack 

Phe mechanical 
the illovs 


ind) columbium are 


properties ol 
containing both tantalum 
comparable 
with Type 347, with the possibility 
of slightly stress-rupture 
strength at 1200°T In some in 
tunces, the 


been lower than anticipated or de 


rupture ductility has 
sired However, with the accumu 
lation of data it appears that the 
ductility will be 
ibout the same as for Type 347 


mge of rupture 

n laboratory welding tests 
(atomic hydrogen, metal arc, inert 
47 Ta-Cb al 


lovs weld in a manner comparable 


re resistance the 


with the regular 347 

With the present critical short 
ie of ferrocolumbium, it is appar 
ent that the supply will 
be diverted to the high-temperature 


ivailable 


alloys which require the colun 
bium to gain their high strength 
This means that the users of 347 
steel will have to choose an alter 


nate in either 347 Ta-Cb or 321 All 


things being considered, it appears 


that the better chon in the lor 


run is Type 321 


Stabilized Stainless in 


WILMINGTON, Det 

Mr. Tyrrell’s informative articl 
serves well in pointing up some 
pertinent factors in the current out 
look for the economy of columbium 
rhe rigid allocation of this strategic 
alloying additive during World War 
Il forced economies and general 
substitutions in plant equipment 
construction which in many cases 
vere abandoned as soon as the 
emergency was past 

Agreement, in general, can be 
found with much of the physical 
data and process information pre 
sented in this comparison of mate 
rials for aircraft services in which 
high operating temperatures are 
encountered rhe replacement of 
columbium by the more readily 
available titanium stabilizing agent 
n Stainless alloys for severe chem 
ical plant service is not so clearly 
defined from practical considera 
tions as was reported in this study 
of aircraft applications. 

When it comes specifically to 
selecting a stabilizing agent for 
stuinless steel in extremely corro 
sive service, there has been and 
still is a difference of opinion as t 
the reliability of titanium versus 
We have had good per 
formance from both 


columbium 
materials in 
some services. However, in the most 
eritical applications, particularly 
those processes using hot nitric 
cid one was of the greatest stra 
tegic importance the judicious 
use of columbium in a= properly 
balanced alloy shows an advantagi 
ver titanium as a stabilizer 

By way of individual experi 
ence, we have been making impar 
tial reappraisals of old and new 
specifications and recommenda 
tions. In more than a few cases, we 
ire building plant extensions from 
Type ELC 304 and conventional 
Type 304 where there is reasonable 
indication that the stabilized grade 
used in the semiworks or in some 
of the initial plants was not actu 
illy necessary Equipment design 
limitations and also conditions for 
fabrication in the field must not be 
lost sight of in any calculated sub 
stitutions of Type 304 for either 321 
ovr 347 

The use of stabilized austenttr 

warrants a brief refere 

The frequently observed gt 
loss of titanium over colun 


un elti has long bee 
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the Chemical Industries 


cepted as factual. The fabrication 
of weldments in which castings and 
wrought sections are joined with 
out subsequent heat treatment for 
use in severe nitric acid corrosion 
presents a recurring problem, with 
the present solution to it calling 
for stainless steel castings stabilized 
with columbium 

It is at once recognized that 
hundreds or even thou 
pla it 


conditions ranging from the mildest 


there are 


sands of corrosive service 


noncorrosive service to the most 
severe where equipment life is re 
corded in weeks or even days. 
ilong this graduated scale of in 
creasingly severe service conditions 
competent opinion will likely vary 
Each one may be satisfied for a 
time with his own answer. Current 
discussion of the conservation of 
columbium will have served a us« 
ful purpose if it stimulates a revival 
of thinking and experimentation on 
this subject and thereby encourages 
engineers responsible for the sele« 
tion of materials to make impartial 
and rigid reappraisal of thei 
H. L. MAxweni 


Supervisor of General Cor 


eeds 


Engineering Dept 


E. I, du Pont de Nemours & C¢ 


Nitric Acid Service 


in Britain 


BILLINGHAM, ENGLAND 

I have read with very great 
interest the article by Mr. John I 
Ivrrell in the July issue of Metal 
Progress. The facts and experienc: 
which Mr. Tyrrell recounts are in 
a different field of activity fror 
those dealt with in my ticle of 
December 1948,* and are therefors 
directly additive to the 


evidence 


weight of 
already produced for re 
consideration of the position of 


columbium as a stabilizing element 


*Epitor’s Note The article re 
ferred to, “The Austenitic Stainles 
Steels American and British Prac 
tice Compared” (Metal Progress for 
December 1948), includes a columr 

s10n inder the heading Tita 


} 


imbium for Stabilizatu 


nclude with th 


prophetic 


entence “It may be 
whether the long-term viev 
be to encouraye the 
titanium] that hs 





In one part of his artick Mr 
Iyvrrel!l does deal with the chemical 
industries and makes a statement 
which would indicate that Type 321 
Stainless steel has poor resistance to 
nitric acid. The statement is a gen 
eral one, and would give the im 
pression that Type 321 should not 
be considered for nitric acid plant 
construction. In the writer's experi 
ence, this statement is entirely mis 
leading and is probably another 
product of the widespread misuse 
of the boiling nitric acid test Huey 
test as a general assessment test 
It is a fact that many nitric acid 
plants in this country are con- 
structed entirely of Type 321 steel 
and have given complete satisfaction 
for many years The only single 
pplication on straight nitric acid 
duty in which the writer has found 
Ivpe 347 steel to be 
rype 321 is in the storage of acid 
ot Yo 


superior to 
concentration. Even in this 
use, the Type 321 steel fails not by 
general corrosion but by channel 
ling attack on a narrow zone imme- 
diately adjacent to the weld. Type 
347 steel is entirely immune to this 
type of attack 


cate, however, that it is not impos 


Initial studies indi 


sible that a solution to the problem 
f attack on the titanium-stabilized 
found other than the 
substitution of columbium-stabilized 
steel It can be shown that the 
attack results from the structural re 


steel may be 


irrangement resulting from heating 
the steel in a narrow range close to 
It is possible that 
structure in the 


the fusion range 
the troublesome 
susceptible narrow zone can be con 
trolled by diffusion from a carefully 
selected electrode composition. Even 
if no specific solution is forthcom 
ing, however, it is important to note 
that a few isolated cases of this kind 
do not give a logical basis for re 
jecting Type 321 steel entirely for 
nitric acid duty 

Apart from the economics of the 
situation, which Mr. Tyrrell men 
tions, it would appear that scarcity 
exaggerated by demands for military 
equipment may force a reassessment 
of the uses of columbium in all 
industries. So far as the chemical 
industries are concerned, the writer 
is convinced that a considerable 
portion of its requirements can 
sutisfactorily be met by the use of 


titanium-stabilized steel 


F. H. KEATING 
f Metallurg 


ngham Div 


mical Ind 


es ae 


Nitric Acid Service 
in Kansas 


Pirrsuuns, Kan, 

Mr. Tyrrell’s article on the use 
of Type 321 stainless steel is most 
certainly of interest, coming as it 
has at a time when columbium is in 
such great demand and short supply 
The fact that Solar Aircraft Co. has 
for some time been using 321 by 
choice when 347 was available, is a 
significant point that should not be 
overlooked by the various fabrica 
tors in this country who have been 
automatically specifying 347 on the 
assumption that it is superior 

A reference is made in Mr. Tyt 
rell’s article to the effect that Type 
321 steel is not satisfactory from 
the standpoint of chemical corro 
sion particularly in nitric acid. | 
believe that this statement is incor 
rect or, at any rate, misleading 
Spencer 


Chemical Co. owns and 


operates a large nitric acid plant 
producing more than 400 tons pet 
day of 100% nitri« 
wid and many of the materials of 
construction in contact with the 
acid are fabricated from Type 321 
steel. In this category can be named 


equivalent, 55 


nitric acid heaters, condensers, oxi 
dizers, storage tanks, absorption 
drums and cooling coils. The only 
weak point 
been evident in the system has been 
around one particular tube = sheet 
where hot gases at approximately 
700° F 


where corrosion has 


come in contact with con 
denser tubes Replacement tubes 
fabricated from 347 steel showed 
absolutely no improvement over 321 
However, when these tubes were 
replaced with low-carbon Type 304 
(0.03% max.), they operated a great 
deal more satisfactorily than when 
321 or 347 was used 

R. F. Brown 

Chief Engineer 
Spencer Chemical Co 
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Soap Chemicals 


CINCINNATI, ONTO 

\ considerable amount of Typ 
47 has been used for handling fatty 
wids and some inorganic acids 
because of slightly better corrosion 
rates than with Type 321 and a 
tinimum loss of columbium due to 
welding. However, our plant correo 
sion tests in fatty acids (both liquid 
and vapor) show satisfactory rates 
for both 321 and 347.* Specimens of 
$321 were welded with both 321 and 
47, and tests were made with sen 
sitized and unsensitized specimens 
Corrosion rates were slightly higher 
for 321 but were well within satis 
factory limits for service conditions 

General corrosion and pitting are 
usually important considerations in 
chemical process equipment mace 
from a stabilized steel, and we have 
found these more sensitive to the 
fabricating processes and heat treat 
ment than to the type of stabilizer 

There seems to be a similar situ 
“Type 318” alloy 0.08 
C max., 17 to 19 Cr, 13 to 15% Ni 
2to 3 Mo, stabilized with 0.50 to 
100% Cb and the Firth- Vickers 
FMB-3T of BB-4k 


which are molybdenum-containing 


ation in 


Brown Bayley 


steels stabilized with titanium. Sat 
isfactory rates have been obtained 
with the latter two steels in service 
tests with fatty acids and mixtures 
of inorganic acids and fatty alco 
hols. However, in nitric acid tests 
of both sensitized and unsensitized 
specimens, Type 318 has a lower 
loss than the titanium-stabilized 
Strauss 
tests were satisfactory with both 

As with Types 321 and 347, cor 
rosion rates of Type 318 and the 
molybdenum-titanium stabilized al 


steels with molybdenum 


loys seem to be more sensitive to 
fabrication methods than to titanium 
vw columbium as stabilizers 
G. F, LocCKEMAN 
Engineering Divisior 
The Procter & Gamble Co 


*Eprror’s Note Similar plant 
corrosion tests have been reported by 
George F. Comstock (A.S.T.M. Spe 
cial Publication No. 93, 1950, p. 200). 
Based on weight loss measurements, 
his results may be summarized as 
follows No difference between 321 
and 347 (all specimens completely 
resistant) in alum, fatty acids and 
40% nitric acid solutions. Type 347 
slightly better than 321 in 99°% sul 
phuric acid and in fatty acids and 
fatty acid derivatives such as nitrile 
and amines. Type 321 slightly better 
than 347 ir acid inorganic sulphate 
and in sulphite plus sulphur dioxide 

Not a standard A.1.8.1. type 





Prevention of Carbide 
Precipitation 
Rocuester, N. Y 


Although we use 
quantities of stainless steel in con 


considerable 


tact with corrosive chemical solu 
tions, most of these applications are 
satisfactorily filled by Type 304 o1 
316. We use very little stabilized 
Most of our 
equipment is 


chemical 
constructed from 
light-gage sheet (up to and includ 
ing vs 
precipitation is prevented by water 


material. 


in.), and deleterious carbide 


cooling the steel during welding 
H. H. Brown 
Metallurgical Laboratory 
Fastman Kodak Co 


More Chemical Application 


SHEFFIELD, ENGLAND 
Mr. Tyrrell’s article states very 
fairly the case for the titanium 
Stabilized steels, A.LS.1. 
fype 321, and most British metal 
lurgists would agree generally with 
the findings. 


such as 


However, the refer 
ence to the “relatively low 
ance to corrosion 


resist 
of Type 321) in 
specific chemical mediums such as 


nitric acid” is apt to give an unduly 
pessimistic Nitric 
is the main medium where 


may be 


acid 
trouble 
encountered, but neither 
[ype 321 nor Type 347 is suitable 
for continuous 


impression 


service in boiling 
concentrated nitric acid. The a 
companying photograph shows a 
portion of a nitric acid plant made 
in 1931 from titanium-stabilized 
18-8 (“Staybrite F.D.P."). So far as 
| am aware, it is still functioning 
The particular illustration is of the 
oxidizer cooler, but 
quantities of the 


used for 


considerable 
steel were also 
other items of plant such 
as concentrating columns and stor 
age tanks 

As steelmakers, we cannot go 
into detail regarding the 
which the 
question is being used here 
ever, a few 


chemical 
steel in 

How 
applications may be 
referred to in which the titanium 
stabilized steel (our F.D.P 
has proved satisfactory over a long 
period of years 

Preparation and Storage of Fine 
Chemicals One large firm in this 
installed various types of 


processes for 


urade) 


ountry 
chemical plant and storage vessels 
(for fine chemicals and 
ceutical products) 


pharma 
involving many 


tons of F.D.P. in their new 
in 1933. 


very satisfactory service. 


factory 
his plant is still giving 
While the 
majority of the plant is in F.D.P. 
steel, it was necessary of course for 
some applications to use the molyb 
denum-bearing F.M.B. steel. (Stand- 
ard F.M.B. is not stabilized; there 
is a smaller demand for a 
of F.M.B. with about 0.3% Ti.) 

Textile Processing and Dyeing 

A very large tonnage of F.D.P 
steel has gone into the textile indus 


type 


try. Among other applications may 
be mentioned wool scouring plant, 
callender rolls and dyeing machines 
Again, although F.D.P. has hitherto 
been the standard material for dye 
ing plant, there is now a gradual 
change-over to the 
F.M.B 


corrosion 


molybdenum- 


bearing type where higher 


intrinsic resistance 1s 
required, 

Dyestuffs Apart from the proc 
ess of dyeing, considerable quanti 
ties of F.D.P. are used in plant for 
the preparation of the dyes. 

Foodstuffs The dairy industry 
in particular makes extensive use 
of F.D.P. for many 
as plant for the production of evap 


purposes suc h 


It is 
general ap 


orated milk and milk powder. 
also used for the more 
plications 


such as rail and road 


transport tanks, pasteurizers, sepa- 
rators, coolers, cheese vats, cream 
cans and general dairy equipment. 
Explosives 
ing steels have 
years to be 


rhe titanium-bear- 
proved over the 
very satisfactory for 


resisting mixtures of nitric and 
sulphuric acid and have therefore 
been used extensively in nitration 
processes for explosives 

Pickling Dur 
ing the last war a considerable ton- 
nage of the F.D.P. type of steel was 
used in plant for the pickling of 


brass cartridge cases. The strength 


Cartridge Case 


of sulphuric acid used was higher 
than the steel would normally with- 
stand 
to 1% of copper sulphate to a new 
solution inhibited attack and 
satisfactory 


However, an addition of up 


very 
results were obtained. 
between 321 
and 347 steels as regards 


The comparisons 
welding 

Simi 
lar careful direct comparisons have 


and forming are interesting 


not, so far as we are aware, been 


made in this country, primarily 


because the large majority of steel 


{cid Plant 
Industries 


Oxidizer Cooler at the Nitric 
of African Explosives & 
Ltd., South 


Ifrica Constructed from 


titanium-s ilized steel in 1931 


Page 698 





supplied for aircraft work is stabi- 
lized with titanium. During the late 
war my company produced a very 
large tonnage of the titanium-sta- 
bilized steel for use in aero exhaust 
manifolds, which gave very satis- 
factory service. 

With regard to the effect of sili- 
con content on the weldability of 
321 steel by the oxy-acetylene proc 
ess, it is not our practice to have 
silicon contents less than 0.5% 
they generally lie between 0.5 and 
0.8%. It is, of course, the general 
custom that columbium-stabilized 
filler wire or electrodes be used for 
the titanium-bearing steels and gen- 
erally speaking it is considered that 
little, if any, difference exists in the 
weldability of the two types of steel. 
One feature which might be men- 
tioned in connection with the oxy 
acetylene welding of these steels is 
that better and smoother penetra 
tion is generally obtained with the 
titanium-bearing steels than with 
the columbium-bearing steels. This 
is because the somewhat more pasty 
nature of the molten metal pro- 
duces a smoother underside of the 
welded joint. 

It is interesting to note from the 
article that the  titanium-bearing 
steel has somewhat better forming 
characteristics than the columbium 
bearing steel. The general experi- 
ence in this country is that the two 
steels are similar in this respect, 
but here again a careful comparison 
has probably not been made. 

The presence of titanium-bearing 
inclusions, however, which are a 
characteristic of the titanium-bear- 
ing steels, and which often take the 
form of “stringers”, can be 
mental in 


detri- 
certain circumstances. 
Although no particular trouble from 
this cause has been experienced in 
drawing operations, these stringers 
can be troublesome when upsetting 
operations, either hot or cold, are 
involved on bar material hese 
stringers are apt to give rise to 
splitting in the upended portions 
of the bar, and for such applica 
tions we prefer to use the colum 
bium-bearing steel 

The subject of creep is an im- 
portant one and has many facets. 
rhe general opinion expressed in 
the article is that 347 is superior to 
321 and, in general terms, we agree 
with this. 

With regard to oxidation, we 
note that 321 is considered to be 
twice as resistant at 1850° F. as 347. 
rests which we have carried out at 


1470° F. (the maximum temperature 


for which we would recommend 
either steel) indicated very little 
difference in the oxidation resist- 
ance of the two materials. As a 
matter of fact, there was a tendency 
for the columbium-bearing steel to 
be slightly better than the titanium 
bearing material, but the degree of 
superiority was not really of sig- 
nificance 

The comments under the head 
ing “Service Behavior” can be con- 
firmed because all the types of 
components enumerated, as well as 
plant for many other applications, 
have been produced from the 
titanium-stabilized steels for many 
years in this country with satisfac 


tory results. . . 
C, SYKEs 
Director of Research 
Brown-Firth Research Laboratories 


Atomic Energy 


Applications 


ScHENEcTADY, N.Y 
In considering the relative merits 
of two materials such as Types 321 
and 347 stainless steels, attention is 
usually confined to the conventional 
mechanical, physical and chemical 
properties. For many applications 
in the atomic energy field, however, 
there is at least one additional fac- 
tor to be considered the scatter- 
ing and absorption of neutrons by 
the material 
These properties vary widely 
among the metals, and small amounts 
of an undesirable element in an 
alloy are deleterious enough so that 
a most detailed chemical analysis 
of the alloy is customary for their 
detection. For instance, the thermal 
neutron absorptions of the basic in- 
gredients and the three stabilizing 
elements in stainless steel have the 
following relation (General Electric 
Chart of the Nuclides, 1950): 
Iron 24 
Chromium 2.8 
Nickel » 
litanium 5.8 
Columbium 1.2 
Tantalum 21 
The higher the value given above, 
the less suitable is the element for 
some applications in a nuclear re 
actor. Thus, depending on the par 
ticular reactor for which stabilized 
Stainless steel is being considered, 
design factors may limit the kind 
and amount of stabilizing elements 
that are permissible. 


L. L. WYMAN 
General Electric Co. 
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Pressure Vessels 


Jensey Crry, N. J. 

Our company was among the 
first users of the stabilized type of 
austenitic steels some 20 years ago 
when both the columbium and tita- 
nium types were being made avail- 
able to industry. At that time the 
mills were having difficulty in con 
trolling the titanium content in the 
321 steel; also, some heats contained 
excessive quantities of nonmetallic 
inclusions. These problems have 
long since been solved, but at the 
time users and fabricators of heavy 
sections began to standardize on the 
columbium-bearing type, with the 
result that Type 347 material has 
been commonly specified for pres- 
sure vessels, heavy fittings and in 
assemblies made of massive sections. 
As a result we find ourselves with 
comparatively limited experience 
with Type 321 steel. Data such as 
those presented by Mr. Tyrrell are 
therefore of interest to all fabrica 
tors of stainless steel, because the 
shortage of columbium can be ex- 
pected to result in a wider use of 
titanium-stabilized steel. 

H. S. BLUMBERG 
The M. W. Kellogg Co 


Welding 


MILWAUKEE 

Our use of Type 321 stainless 
steel has been limited to laboratory 
studies but we have had extensive 
experience with Type 347. As pointed 
out by Mr. Tyrrell, there are differ 
ences in the welding of various 
heats of Type 347, and this is true 
of heavy plate as well as thin sheet. 
The presence of columbium carbide 
increases the hot shortness of the 
material and it is often necessary to 
preheat plates for welding in order 
to avoid cracking. Such preheating 
is usually done between 150 and 
300° F. 

In our experience the use of 
columbium in stainless steels such 
as Type 347 has not resulted in 
satisfactory weldments from the 
standpoint of corrosion resistance 
at the weld-to-stock junction after 
stress relieving at 1100 to 1250° F 
his is caused by columbium going 
into solution in the parent metal 
heated to high temperature during 
welding, with the result that chro- 
mium carbides form in the sensi- 
tizing temperature range unless a 
stabilizing heat treatment at higher 
temperature (1550 to 1650° F.) is 





the weldment 
the 
vendors of 
of this 
teristic in 


iven prior to expo 
The 


aware 


sure in sensitizing range 


Stainless steel are 
is charac 
347 
pre 


which 
321 or 
solution to 


deficiency 
either Type 
but as vet have no 
vent it for all heats 

We have had 
with welding extra-low 
t16 


that it offers considerable advantage 


produced 
enough experience 
now carbon 


ype Stainless steel to conclude 
over the columbium-stabilized grades 
As vet 


metal 


work on weld 
insuflicient 


recommendations 


experimental 
characteristics is 
to support final 


about electrode compositions. How 
from the standpoint of corro 
that 
electrodes 
recommended if the final 
heat treated at 


ever 


sion characteristics, it seems 


extra-low-carbon metallic 
could be 
product is to be 
Hou? Boor 
If the 


relieved 


higher cooled 


weldment is to be stress 
1000 1200" F 


to use colum 


between and 
it would be necessary 
bium-stabilized weld deposits 

We believe that a 


low-carbon 


commercial 
18-8 


grade of 
the 
Type 347; laboratory 


extra 


would not sensitize in 
deseribed for 
demonstrated 
attack 
that 


would be 


corrosion tests have 


a freedom from “knife-line” 


Hlowever, we are not certain 


the extra-low-carbon grade 


satisfactory for exhaust manifolds 
recommended 


S00" F 


as it is generally not 
for extended service above 
M.A. Scueu 
Director of Metallurgical Rese: 
\. O. Smith Corp 


Type 347 Welding 
Electrodes 


PHILADELPHIA 

ills attention to the 
employing $21 
the columbiun 
critical, prop 


columbium-bearing 


Mr. Tyrrell « 
difficulty in 
filler 
shortaue 
erly 
weld 


Typ 
rods should 
become mad 
infers that 
metal should be 
mad 321 


electrode 


employed for 
welding both 347 steels 


The 


is well 


welding industry 


aware of the need to con 


Minimum 


Ta is Analyzed Seporately 


af 


R 


Minimum 


Type t47 Ta€h 


tak 


msure 


columbium and has been 
the steps to 
availability of Type 347 


The almost universal 


serve 
ig necessary 
the 
ing electrodes. 
the 

347 


incorporating 


weld 


practice of industry is to pro 


duce Type coated welding 


electrodes by ferro 
columbium in the coating on a Typé 
308 wire (20% Cr, 10 Ni) Phe 
ferrocolum 


dwindling supplies of 


necessitated an investi 


feasibility of 


bium have 
gation to establish the 
substituting the more readily avail 
ible ferrotantalum-columbium alloy 
Preliminary test 
properties of 
that the 


without 


results on the me 


chanical welds have 


demonstrated substitution 


can be made any sacrifice 


in the quality of the metal. Typical 


tensile values recently obtained are 
tabulated at the bottom of this page 

Standard 
presently 
other 
ascertain the 
metal for 


extensive 


accelerated corrosion 


tests are being conducted 


m these and compositions of 
weld metal to 
of the 


service An 


quality 
weld COrTroOsI VE 
program in 
vestigating the elevated-temperature 


properties of the weld metal is also 
being prepared 
tantalum in the 


found to be 


The recovery of 


weld metal has been 


b+Ta 


‘ . 
As ‘9 Rotio When 


Minimum certo Ratio When 


Ta is Not Analyzed Seporately 


—a—=4 
noe i if 


Correction Factor 


= (Reported Value) X (Factor) 


R. David Thomas, Jr 


subject to the same variables as that 
ibout 70 

rhus, 
conditions, if 
recovery is 65 tanta 
about 45°. 

that tanta 
higher atomic 
half as effec 
stabilizing 
dictated 
ratio 


of columbium, and to be 
of the 
with a 
columbium 


value of columbium 


given set of 
recovery will be 
It is 
because of its 
about 


lum 
well recognized 
lum, 
weight, is only 
tive as columbium in 


carbon Experience has 


the desirability of a minimum 
of columbium to carbon of 10; when 
a columbium-tantalum alloy is used 
ition of columbium 
(analyzed together) 
4 for 


the equivalent 1 
tantalum 
to carbon is computed to be 11 


plus 


weld metal containing half as 
tantalum as columbium. This equiv 
ilent 


my 


ratio may be computed for 


known ratio of tantalum to 


columbium which may be present 


useful 


accompanying curves may be 


not only to establish these 
minimum ratios but also to indicate 
that will be 
tantalum are 
than 


lengthy 


the error nvolved when 


columbium and ana 

lyzed together, rather 

taking the difficult 

chemical separation 
R, Davip THOMAS, JR 

Vice-President and Director 

of Research and Ex gineering 


Arcos 


under 
and 


Cory 


Chemical Composition and Tensile Properties of Weld Metal* 
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HEAT 
TREATMENT 


As welded 
4hr. at 1300° F 
4 hr. at 1550° P 


welded 
ir. at 1300° FP 


hr. at 1550° F 


ELOnt 
In 2 IN 


TENSILE 
STRENGTH 


YIELD 
STRENGTH 
75,000 psi 97.000 
75,000 103,500 
66,500 95.500 


97,000 
105,000 
96.000 


74,000 
76.500 


66,500 





).505-in. diameter Re} 
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Tantalum-Columbium 


PITTSBURGH 
The new tantalum-columbium 
stainless steel is made with ferro- 
tantalum-columbium alloy which 
about 40 columbium, 
20% tantalum and 0.25 
the remainder 


contains 
carbon, 
being chiefly iron 
his ferro-alloy has been added to 
18-8 in amounts that give a steel of 
nominal composition 18 chro 

nickel, 0.6 
bium and 0.25 tantalum, with 
0.06% carbon Steels of this type 
have been tested at room tempera 
ture, 1000, 1200, 1350 and 1500° F 
and as far as we are able to deter 
strength and ductility 
are comparable to those of Type 
447s steel with the regular 
ferrocolumbium alloy The hot 
workability of the 18-8 steels con 
taining columbium and tantalum is 


mium, 10 colun 


nine, their 


made 


also comparable to that of the reg 
ular 347 steel. 

In intergranular corrosion tests 
using acidified copper sulphate so 
lutions, nitric acid solutions, and 
nitric-hydrofluoric solutions the re 
18-8 steel containing 


columbium and tantalum to inter 


sistance of the 


granular corrosion is equal to that 
of the regular 347 In fact, the 
18-8CbTa steel having a columbium 

tantalum content of at least ten 
times the carbon content has met 
all the 


erally 


orrosion requirements gen 
specified for 347, which 
shows that this steel is a good sub 
regular Type 347. 
RUSSELL FRANKS 
VManayer-—Development 
ro Metallurgical Divisior 
nion Carbide and Carbon Corp 


stitute for the 


More on British Aircraft* 


Baisto., ENGLAND 

The British specifications cov 
ering weldable stainless steel sheets 
have hitherto quoted titanium and 
columbium only as optional ele 
ments, the main requirement of the 
specifications being that the mate 
withstand the 


decay test It would be 


rial should weld 
possible, 
therefore, for the supplier to fur 
nish steel without either of the two 
elements, provided the carbon con 
tent was sufficiently low to avoid 
In actual fact 
material supplied has 


weld decay troubles 
the bulk of 
contained titanium and in general 


this has given satisfactory results 


*See also discussion or Pp 766, re 


ed too late for inclusion here 


A recent revision of these specifica 


tions has been made and now 
titanium of 
propriate 


carbon content) 


columbium in the ap 
amounts (depending on 
is specified as an 
essential element. 
E. R, Gapp 
Engine Divisior 
Bristol Aeroplane Co., Ltd 


LONDON, ENGLAND 
Mr. Tyrrell presents a good case 
for the diversion of columbium as 
steel to 
higher-priority demands as, for in 
blade 


alloys for gas turbine engines. Since 


a Stabilizer for stainless 


stance, its use in disk and 


the rating of critical alloying ele 
ments places columbium as the most 
scarce material, and with the pres 
ent availability of titanium as it is 
there is every reason for making 
i fuller use of titanium as a stabi 
lizer for stainless steels. 

18-5 stainless 
fabricated by 


torch welding methods, we have al 


At Napier’s, where 
steel pressings are 
ways accepted the titanium-inocu 
lated composition as our standard 


quality Over a long period out 
metallurgical laboratory has had 
no major problems to deal with 
concerning weld decay on compo 
nents such as, for instance, exhaust 
stubs for one of our engine types 
It is interesting to note that three 
grades of filler 


been employed for the 


wire or rod have 
welding of 
these exhaust stubs, one containing 
no Stabilizer, one with a titanium 
addition and one with columbium 
Any preference for a particular 
filler would appear to be a personal 
opinion on the part of the operator 

Where specified in 
18-8 steel are fabricated by spot or 
stitch welding methods 


assemblies 


main we 
titanium-stabilized 
no problems have 


use only the 
So far 
been encountered in weldability. 

Metal-ar« 
cable to the 
ponents where welding is called for 


material 


welding is not appli 
majority of our com 
Where heavy-section stainless cast 
ings are welded by the metal-arc 
process we have a preference for 
columbium-bearing welding rods 
J. K. WILSON 
Chief Metallurgist 
DD. Napier & Son, Ltd 


Dersy, ENGLAND 
Utilization of columbium-stabi 
lized stainless steels at Rolls-Royce, 
Lid., has been negligible, but tita 
nium-stabilized steels have been in 
production for more than 20 years 
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systems on automobiles, 
stubs and 


aero piston engines, jet pipes, and 


Exhaust 
exhaust manifolds on 
exhaust cones and nozzles on jet 
have given satisfactory 
service up to 1400° F 
The titanium steels 


engines 
have been 
welded by all production methods 
(open and shielded) 
Titanium 
is seam 


torch, are 
ind electric resistance. 
steel sheet, 0.048 in. thick, 
welded at 30 in. per min. to give a 
gas-tight joint For torch welding, 
the titanium content must not be 
too high, to avoid sluggishness, nor 
too low to give an unstabilized 
weld deposit due to titanium deple 
tion. For torch welding we contirm 
the author's finding that columbium 
electrodes are more consistent 

In general, LU. S 
to supply 


steel manufac 
turers are able stainless 
steels of lower carbon content than 
British firms, and the need for sta 
bilization decreases with the lower 
carbon content, But even with cat 
bon as low as 0.04 it has been our 
experience that stabilization is ne« 
essary for all welded parts or parts 
subject to service 
excess of 1300°1 
H. FE. GresHam 
Chief Metallurgist 
Rolls-Royce, Ltd 


temperatures in 


BuaNnLey, ENGLAND 
Our experience covers the man 
units and jet 


ufacture of exhaust 


pipes for gas turbine engines from 
sheet metal in gages varying from 
0.032 to 0.064 in., for operation at 
temperatures from 1100 to 1300° F 
In these have used many 
tons of titanium-stabilized 18-8 sheet 


with complete 


units, we 


satisfaction 


H. E. LARpGE 
Joseph Lucas, Ltd 


Wevyenipar 
Stainless steels of the 


ENGLAND 

18-8 type 
have been used by my company for 
exhaust manifolds for the past five 
or six years. During this period a 
number of failures have occurred 
attributed to the 


Inadequately sta 


and these can be 
following causes 
faulty design, and 
fabricated 
litanium is being used more 
than 


would appear to he 


bilized material 
faulty processing of the 
parts 
generally columbium and 
quite satisfac 
tory, providing the content does not 
fall below the 


mum of five times the carbon con 


recommended mini 


tent. We have no reason to suspect 
that 18-8 steel fully stabilized with 
titanium is unsatisfactory for ex 





haust manifolds when used at tem 
peratures of the order of 1200° F. 

Failures of manifolds have often 
been attributed solely to the use of 
unsuitable material, but in fact the 
contributory causes have been faulty 
design and inadequate processing 
of the fabricated parts. The gage 
of material is often too thin and 
insullicient provision is made for 
the free displacement of the unit 
when submitted to thermal stresses. 

rhe omission of annealing before 
and after welding has led to crack 
ing of the manifolds, while the lack 
of adequate surface preparation has 
resulted in faulty welds, 

J. H. Cork 
Aircraft Section 
Vickers-Armstrong, Ltd 


BeLrast, IneLAND 
In stabilized chromium-nickel 
heat resisting steels of the 23-18 and 
23-14 types made to British Stand 
ard Specifications S108 and $109, 
the titanium and columbium con 
tents are respectively 4 and 8 times 
the carbon content of 0.2% max. 
However, better proportions would 
be 5 and 10 times carbon, to ensure 
suflicient stabilizing effect when the 
carbon is at its top limit 
R. E, PACKER 
Seaplane Works 
Short Bros. & Harland, Ltd 


Coventry, ENGLAND 
lo most English readers, Mr 
lyrrell’s informative article will be 
of interest in that it justifies a prac 
tice long established in this country 

the use of titanium in preference 
to columbium as the stabilizing ele 
ment in austenitic stainless steel, 
particularly in the aircraft industry 
To have 


insisted on columbium 


stabilized sheet during the war 
would have caused grave difficulties 
in supply; nor was there ever any 
convincing evidence that subsequent 
manufacture would have benefited 
or reliability increased, at least so 
far as aircraft were concerned 


Chemical analyses 


covering a 
very large number of production 
works over 
many years show that almost all of 
the austenitic steel sheet purchased 
in conformance with the weld decay 
test has been stabilized with tita 
nium. It would be futile to pretend 
that we had no trouble with any of 
this sheet but | cannot recall a 
single instance of trouble in service 
or production in which there was 


supplies delivered to our 


any evidence that changing over to 


would 
have got us out of our difficulty 
In service most of the failures 


columbium -stabilized sheet 


were caused by fatigue or by various 
troubles with overheat 
excessive oxidation 


associated 
ing (primarily 
and attack from exhaust gases and 
corrosive deposits). Creep failures 


and failures resulting from alte 
nating thermal stresses have arisen 
less frequently. Most troubles were 
overcome by design alterations such 
as the elimination of vibration, im 
provements in the fatigue strength 
of the structure, and greater cool 
ing. Change of material was made 
only on rare occasions and when 
definite evidence for its desirability 
was forthcoming and in such cases 
the changes were to materials of 
basically different composition 
Columbium-stabilized sheet is 
made over here, of course, but usu 
ally for 
ample, one of the largest steel firms 
supplies it in view of their claim 
that it gives somewhat better creep 
properties over a certain tempera 


special purposes. For ex- 


ture range. 

All this is in agreement with the 
observations and laboratory tests 
mentioned by Mr. Tyrrell. I would 
add that we have carried out crack 
ing tests on sheet test pieces unde: 
conditions of alternating 
stresses and that 


thermal 
these show no 
advantage for the columbium-stabi 
lized material. High-temperature 
fatigue tests have indicated no ap 
parent difference and creep-to-rup 
ture tests on welded test pieces have 
shown that variations in the weld 
ing technique, rod and flux compo 
sition completely mask the effect of 
differences in the base metal com 
position of the type under discussion 

rhese remarks apply to wrought 
material. The position is not quite 


the same when we come to the 
Centrifugally 
cast rings for turbine shrouds, for 
instance, are, if made of 18-10 ma 


terial, usually stabilized with colum 


question of castings. 


bium. This is entirely a matter of 
preference on the part of the found 
ries, Which report greater difficulty 
in the production of metallurgically 
clean castings and control of com 
Never 
theless, titanium-stabilized castings 


position when using titanium 


are being made and one of the fore 
most manufacturers in this country 
has pointed out that while in gen 
eral he much prefers to use colum 
bium, the use of titanium may be 
of advantage because less trouble is 
encountered from hot cracking. This 
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point may be related with that made 
by Mr. Tyrrell concerning the hot 
cracking of welds. 

My impression is that in Britain 
we are very much more titanium 
conscious in a number of respects 
Mr. Tyrrell mentions the large 
amount of columbium being used in 
gas turbine parts in America. This 
is not so in Britain. Almost all our 
jets and prop-jet engines are fitted 
with Nimonic 80 or 90 blades which 
are hardened with titanium. Aus 
tenitic turbine disks containing co 
lumbium been used 
over here but alternative austenitic 
steels free from columbium are now 
available and general 
tendency to go over to ferritic steels 
containing no 


have widely 


there is a 


columbium, or in 
much less than are 
added to the austenitic steel men 
tioned above. 


amounts very 


Some firms have in 
fact been using columbium-free fer 
turbine disks all 
It would hardly be an over 


ritic steels for 
along. 
statement to suggest that, with the 
exception of certain welding rods, 
columbium could be eliminated com 
pletely from our highest-powered 
jet engines with no marked effect 
on the manufacture or performance 
S. T. HARRISON 
Chief Metallurgist 
Armstrong Siddeley Motors, Ltd 


Back to the States 


Cuca Vista, CALIF. 

I'ype 347 steel has been increas- 
ingly preferred for years despite its 
higher cost, as compared to Type 
321, when a stabilized variety of 
18-8 was required.* Examination 
of many heats of Type 321 at Rohr 
Aircraft 
years, has demonstrated the inability 
of titanium to provide proper and 
consistent stabilization after expo 


Corp., over a_ period of 


sure to sensitizing temperatures. 


*Epitor’s NOTE The extent of 
this preference during recent years 
may ~ judged by the following fig 
ures for production of stainless steel 
ingots of the two types. Data were 
reported by the American Iron and 
Steel Institute. Note high production 
of Type 321 during wartime and the 
change back to 347 in 1946. 

TYPE 347 TYPE 321 

1942 29,7 53,525 tor 

1943 33,06 60,145 

1944 ) 61,641 

1945 32,36 37,338 

1946 

1947 

1948 

1949 

1950 (a) 17,470 (a) 3,616 (a) 


(a) For first six months or 





Using Type 347, we have been 
able to produce high-quality stabi 
lized welds consistently and 
at greater speeds than was possible 
with 321. ‘Type 321 rods not 
used because of the “burning” of 
titanium. The welding of “standing 
edge” which do not 
recommended 


more 


are 


joints, 
rods, is not 


require 
for the 
Same reason 

The forming of 
intricately shaped parts at Rohr 
from 347 rather than 321 can be 
explained, in part, by the fact that 
the columbium 
“cleaner” 
served 


successful many 


generally 
ob 


microscopic 


variety is 
metallurgically, as 
during many 
examinations 
BERNARD GRoss 
Director of Laboratories 
tohr Aircraft Co 


Drawn Tubing 


NORRISTOWN, Pa 
It is no secret that the stabilized 
fre 
quently shown poor performance in 


varicties of stainless steel have 
exacting mechanical applications be 
high content 

Much 
during 
up the 
indicated 
by the typical micrographs in Fig 
1. The columbium-stabilized 347 has 
not suffered so much from this de 
fect, but the rat 
ing of 347 has, nevertheless, been a 


cause of an unusually 


of nonmetallic inclusions 


progress has been made 


recent vears in cleaning 


titanium-stabilized 321, as 


average inclusion 
matter of concern in some 
tubing has 
been drawn from both 
and “Weldrawn” stock in 
tantalum-columbium 


uses 
Precision recently 
seamless 
the 


variety of 


new 
347 


Seamless Tube 


Stabilized With Cb 


Fig. 2 Inclusion Content of Type 347 Stainless Stel 
Longitudinal section; electrolytic oxalic acid etch 


As Melted in 1947 


-~# 


Fig. I 
Llectrolytic oxalic acid etch; 


the 
stabilizing elements present in this 
steel it might be expected that the 
inclusion rating would suffer. How 
ever, the inclusions in 347TaCb 
though of slightly different form 
seem to be present in no 
quantity than in the 347Cb (Fig. 2) 

In workability and 
we find little to choose between the 
regular 347 and its tantalum-bearing 
congener. 


Because of greater amount of 


greater 


weldability 


rhe simple Strauss test 
with 
the 
the 


as satisfactorily 
347 as with 
least where 


met 
tantalum-bearing 
regular 
columbium-to-tantalum 
proximately 4 to 1 

efforts 
will be before 
know the differences and similari 
ties between 347Cb and 347TaCb in 


specific 


has been 


type, at 
ratio is 
Cooperative 
laboratories 


among many 


required one can 


corrosion resistance and 


high-temperature strength 


Seamless Tube 


Stabilized With Ta and Cb 


100 & 
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Inclusion Content of Type 321 Seamless Tube 
125 


( Left) ( netched 
(Right) Longitudinal section; unetched 


As Melted in 1950 


(Left) 


(Right) l netched; 100» 


yur far is 
limited to 
different producers 


own experience so 

melted by 

and that 

has been wholly satisfactory 

D. H. Wrese and H. W. Cooper 

Metallurgical Department 
Superior Tube Co 


three heats 
expe 


rience 


Hot Workability 


MILWAUKEE 

Mr. Tyrrell the 
shortness of Type 347 steel in 
discussion of the cracking of welds 
but not refer to this difficulty 
in other hot fabricating operations 
We investigated both of the 
stabilized grades of stainless steel 
of the hot twist test de 
veloped in the laboratories of Globe 
Steel Co., and results have 
been published in The Iron Age 
(April 20, 1944) and the AJ.M.E 


red 
his 


mentions 


does 
have 
by means 


lubes 


Cold Rolled Strip 
Stabilized With Ta and Cb 


(Center) 





Transactions (Vol 167, 1946, p 749 
to 790). In the latter publication, a 
graph was included showing the 
spread of results for ten heats of 
Type 321. Those data and other 
evidence indicate the necessity for 
determining the hot workability of 
each heat of steel individually. How 
ever, aS a class, the Type 321 steel 
has much better hot workability 
than Type 347. Thus, there would 
be less scrap loss in the piercing 
or other hot working of Type 321 
than with similar operations on 
rype 347. Such scrap cannot be re 
melted under ordinary oxidizing 
conditions without losing the major 
portion of the searce columbium 


Harry K, LHRIG 
Vice-President 
Globe Steel Tubes Co 


Again —When Is a 
Stabilized Steel Necessary? 


CANTON, OnTO 

Mr. Tyrrell has presented much 
pertinent information as the basis 
for his conclusion that Type 321 is 
a suitable replacement for Type 347 
However, his statements with reé 
spect to the high-temperature prop 
erties of these steels might well be 
expanded 

Thus, Table lL of his 
dives the reported stress ranges for 
o.o00el 


paper 


creep per hr it a series 
of temperatures and also shows an 
average value It is questionabl 
whether this average has any mean 
ing. We have found that apparent 
grain size has a pronounced influ 
ence on all the high-temperature 
properties of these stabilized grades 
and consequently the grain size 
should be reported with any high 
temperature data (ASM 


tions, Vol. 38, 1947, p 


Transac 
148 to 179) 
For example, there is greater differ 
ence between 347 with a grain size 
of 8 and with a grain size of 2 to 4 
than between many radically differ 
ent steels or alloys It does not 
follow that 321 or 347 
will have high-temperature 


necessarily 
proper 
standard 18-8, 


because similar variations in grain 


ties superior to the 


size have relatively slight effects on 
the unstabilized steel 

Insofar as ease of working these 
steels is concerned, the author's 
remarks were confined largely to 
room temperature. The accompany 
ing figure is included to show the 
differences in their hot twist char 
acteristics over the temperature 


range used for hot processing, such 


as forging and piercing into seam 


less tubes rhirty heats of each 


grade were considered and, as 
would be expected for steels of this 
type, there is considerable spread 
in both the number-of-twist and 
torque values, even though each of 
the heats was properly balanced to 
prevent the formation of free fer 
rite at the hot working temperatures 
However, the figure shows that, in 
general, 321 has the greater number 
of twists to fracture and also has 


30 Heats of 
Each Steel 


Specimen Size, % Dia 
Speed of Twist, \8O Rom 
Treatment, Forged 
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2100 2300 
Temperature, °F 


Hot Twist Characteristics 


the higher temperature of maximum 
twist (2300°F. for 347 and 2400° I 
for 321). From this it follows that 
‘21 can be hot worked somewhat 
ore readily than 347 and, at least 
in our own operations, this has been 
found to be truc 

It is our opinion that the sta 
bilized grades have been used in 
many applications where they were 
Many metallurgists feel 
that if the operating temperature is 
between 800 and 1500° F., 


not needed 


either 
Ty px 321 or 347 must be used Yet 
the largest tonnage of austenitic 
steels used in high-temperature 
until recently at least 

has been in the petroleum industry 
with metal temperatures of 1100 to 
1D’ I Ihe standard 18-8 has been 
the most widely 


service 


used austeniti 
steel, and few if any failures have 
been encountered while the tubes 
were hot, even though the condi 


tions were very corrosive and pro 
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nounced structural changes occurred 
accompanied by intergranular car- 
bide precipitation. We have exam- 
ined 18-8 tubes after 100,000 hr. of 
service and found no indications of 
excessive intergranular oxidation or 
corrosion (A.S.M. Transactions, Vol 
$5, 1945, p. 298-330). It is true that 
if a corrosive condensate is per- 
nitted to form, intergranular attack 
may occur at room temperature or 
slightly above, but there are often 
procedures that may be followed to 
prevent the formation of this con- 
densate 

standard 
18-8 analysis should be used, for 
this is still the most foolproof of 
all the austenitic grades. Its hot 


Wherever possible the 


workability is certainly superior to 
the stabilized grades, its mechanical 
properties at elevated temperatures 
are independent of many variables 
that influence the stabilized grades 
and it is generally much freer from 
surface or subsurface imperfections 
Cc. L. CLARK 
Metallurgical Engineer 
Timken Roller Bearing C« 


Once More — When Is a 
Stabilized Steel Necessary? 
PITTSBURGH 


We believe that 
columbium 


discussion of 
conservation is timely 
and useful, particularly if it leads 
to ways and means that will effect 
reductions in the use of this critical 
clement. Rather than to discuss Mr 
Ivrrell’s article, in which he very 
ably outlines his experience in the 
use of both columbium and titanium 
bearing 


compositions we propose 


that consideration be given to the 
possibility of conserving columbiun 
by other means 

During the course of our asso 
ciation with the requirements of 
stainless steels for high-temperature 
often 


questioned the requirement that 


systems in aircraft, we have 


these stabilized materials must con 
tain sufficient amounts of columbiun 
or titanium to enable them to resist 
intergranular attack as evaluated in 
the laboratory by exposure to selec 
tive boiling corrosive solutions, such 
is copper sulphat 
In other 
ability of stainless steels to meet 


sulphuric acid 
words, we ask Is the 


these severe embrittlement tests in 
any way related to the performance 
of these steels in high-temperature 
service? Is it not probable that 
smaller amounts of these additions 


would provide steels that are equally 





salisfactory? Indeed, is it not pos- 
sible that just plain old-fashioned 
18-8 would give as good account of 
itself as its stabilized modifications? 

The basis for our reasoning may 
be surnmarized as follows: 

1. We have observed that most of 
the failures of exhaust systems re- 
turned to our laboratories for inves 
tigation have been of a fatigue type 
which in our opinion was not asso- 
ciated with the ability of the mate- 
rial to meet the embrittlement test 

2. Mr. W. G. Hubbell in another 
very pertinent article, “Effect of 
Stabilizing and Stress Relief Heat 
Treatment of 18-8 Stainless” (Steel 
August 25, 1947), reports his findings 
on Stabilized material from exhaust 
systems which had been in service 
for as long as 4000 flying hours. 
His investigation shows no correla- 
tion between the service life of such 
materials and their ability to meet 
the embrittlement test. 

3. Such compositions as 25-20 
and 25-12 containing carbides in the 
grain boundaries (to the extent that 
the steels are susceptible to inter- 
yranular corrosion by selective wet 
corrosive reagents) have been used 
in high-temperature systems of air 
craft and have performed well. 

i. Exhaust systems of military 
aircraft (even fighter planes exposed 
to corrosive salt atmospheres) were 
shrouded with Type 302 steel during 
the last war. We have observed 
heat tint and oxidation on such 
shrouding to a degree that suggests 
that the shrouding was subject to 
operation in the carbide precipita- 
tion range. Apparently such mate 
rial was satisfactory and did not 
fail by intergranular corrosion 

5. Intergranular attack may re 
sult from causes other than chro 
mium carbide precipitation. For 
example, we have observed inter 
granular attack induced by the dep 
osition of the lead compounds which 
result from the combustion of leaded 
fuels. The use of columbium or 
titanium does not inhibit such attack. 

The foregoing comments are of- 
fered with the recommendation that, 
in the interest of conservation, in- 
vestigations should be undertaken 
to establish the relative merits of 
materials under actual conditions of 
service These investigations, we 
believe, should include the unstabi- 
lized as well as the stabilized grades 
of 18-8 stainless steels, with varying 
amounts of columbium or titanium 

We are not aware of any system- 
atic investigation that supports any 


correlation of corrosion tests with 
service performance. We suggest, 
therefore, that unless such studies 
have been made or until they are 
made, under conditions closely asso- 
ciated with those of flight and field 
service, we may be perpetuating the 
use of critical materials where they 
are not needed, 
Db. C, Buck 
Metallurgical Engineer 
Carnegie-Illinois Steel Corp 


Intergranular Cracking 
in Aircraft Parts 


WasHineton, D.C 

1 concur heartily with Mr. Tyr- 
rell in emphasizing the importance 
of conserving columbium now, 
wherever possible. His thesis — the 
rather general substitution of tita- 
nium-stabilized stainless steel for 
the columbium-stabilized type — is 
unlikely to be accepted unanimously, 
for this subject is one of perennial 
debate. Numerous denials notwith- 
standing, there seems to be a definite 
prejudice against such a substitution 
often for reasons rather dubious 
and ambiguous. There is a legitimate 
question, however, as to whether 
the two steels are always inter 
changeable with respect to service 
ability, and each significant type of 
application should be judged on its 
own merit, 

One point regarding interchange 
ability is often misunderstood and 
warrants clarification. I refer to the 
question of government specifica- 
tions. In spite of the above question 
as to complete interchangeability 
the Air Force - Navy specifications 
for aircraft and related items in 
clude both compositions of steel in 
all stabilized stainless steel specifi 
cations, and both types are accept 
able on an equal basis. Stated 
somewhat differently, the prim 
contractor: is given complete free 
dom to use either type for a given 
application. The Bureau of Aeronau 
tics has, in fact, urged its contrac- 
tors to select the Type 321, unless 
the contractor considers this type 
unsuitable in a specific application 
The generally satisfactory service 
performance of stabilized stainless 
steel resulting from the above policy 
on interchangeability speaks for it 
self. In a similar manner, the 
Bureau of Aeronautics has indicated 
its willingness to accept columbium- 
tantalum é¢ombinations, in accord- 
ance with applicable specifications, 
as a completely interchangeable 
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alternate, except in stainless weld 
ing rod, where, pending compilation 
of necessary columbium is 
still required. It may be anticipated, 
however, that columbium-tantalum 
combinations (at least up to about 
one-third tantalum) will eventually 
prove to be acceptable in welding 
rod also. 

Mr. Tyrrell has very ably and con 
vincingly discussed several factors 
relating to selection of a stabilized 
type: Welding characteristics, form 
ing, casting, and several engineer 
ing properties, particularly creep 
and short-time tensile strength 
Other factors that must be consid 
cred in many designs are: Resistance 
to intergranular corrosion and em 
brittlement, long-time rupture and 
fatigue resistance at various temper 
atures, ductility (beyond elonga 
tion), surface condition, freedom of 
final product from inclusions and 
segregates, and cost. I would like 
to take this occasion to discuss 
intergranular attack, omitting the 
other factors in the interest of 
brevity 


Extensive work has been done 
on steels “sensitized” from about 
ooo" F. upward, to determine their 
resistance to copper sulphate solu 
tions as a measure of resistance to 
intergranular corrosion and embrit 
tlement. Let us defer for a moment 
the question of significance of these 
tests. An excellent summary of re 
cent data is given by S. J. Rosenberg 
and J. H. Darr in ASM, Transac 
tions, Vol. 41, 1949, p. 1261. From 
these data it is evident that resist 
ance to the copper sulphate test is 
generally inferior in Type 321 steel 
unless adequate precautions are 
taken to have a high ratio of tita 
nium to carbon (upward of 6:1), er 
unless a “thermal” stabilization at 
approximately 1600° F. 
to 1 hr. is given 


for about * 
Previous thermal 
and mechanical history is impor 
tant. It is worth repeating, how 
ever, that where the Ti/C ratio is 
high enough, results comparable to 
Type 347 are obtained 

The question that logically fol 
lows is, briefly “So what?” The 
same question has been asked, inci 
dentally, concerning the significance 
of endurance limit of carefully 
polished specimens, the transition 
temperature of steels, notch-impact 
strength, tensile elongation in a 2-in 
specimen, and a host of other prop- 
erties, but it may be that any simi 
larity between these questions is 
purely coincidental, Certainly the 





hazard in extrapolating from empir 
ical laboratory tests — particularly 
corrosion tests to service opera- 
tion is well recognized and cannot 
be overemphasized. Nevertheless, 
other things being equal, poor re 
sults in any of the above properties 
may be a danger signal that should 
not be disregarded without careful 
consideration. Conversely, if it is 
practical to avoid these danger sig 
nuls where they might be applicable, 
regardless of their real significance, 
the user may have more confidence 
in his product, a bigger “factor of 
safety”, so to speak 

The desirability of such a safety 
factor, when feasible. has often been 


Fig. I 
inating at Areas of Inter granular 


of abnormal grain siz 


illustrated For 
service experience, Type 316. steel 


example, in one 
was used in a_ high-temperature 
supercharger application, and nor 
mally operated satisfactorily. but 
just on the margin of what is usu 
ally considered the sensitizing tem 
perature range. Due to a change in 
related equipment (heat exchanger) 
and operation, the operating temper 
ature of the component in question 
dropped to approximately 1300° F., 
with subsequent intergranular at 
tack, embrittlement and failure of 
the steel. An original, relatively in 
expensive, extra precaution of using 
a well-stabilized steel, possibly with 
melybdenum added, would have 
paid dividends in avoiding any 
necessity for 


expensive, time-con 


suming material changes 


Another favorite question relat- 
ing to intergranular corrosion is 
“What is the minimum ratio of 
titanium to carbon necessary for 
practical immunization?” Normally, 
a ratio between 5 and 7 seems to 
be preferred. The following service 
experience may be of interest, al 
though I have deliberately avoided 
any positive conclusion with respect 
to the interrelation between tita 
nium-carbon ratio, intergranular at 
tack and service correlation with 
laboratory results, due to several 
possible explanations of 
probability. 


varying 


rhis example refers to airplane 


exhaust manifolds which had cracked 


Cracks in Exhaust Manifold (Type 321 Steel) Apparently Orig 
ittack on Inside Surface 
hiched electrolytically in chromic acid; 100% 


Vote region 


and then partially broken off in 


service Analysis showed some of 
the steel involved to be Type 321 
with carbon approximately 0.09 
and titanium/carbon ratio approxi 
mately 8 Thus a high degree of 
immunity to intergranular corrosion 
would have been expected, at least 
on the basis of accelerated labora 
tory tests 

The major cracks appeared to 
be the result of 
but study of the 
exposed to exhaust gases showed 
the origin of the cracks to be inter 
granular (Fig. 1), becoming trans 


stress corrosion 


inside surface 


granular as they progressed Thus 
intergranular attack appeared to be 
the original cause which led to the 
ultimate failure, by serving to con 


centrate the stresses Although 
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titanium/carbon ratio of 5 (or even 
4) has often been stated as satisfac 
tory based on extensive experience 
these values were primarily the 
minimums in the applicable specifi 
cations, whereas the values in the 
material actually used have gener 
ally been higher. Note, for exam 
ple, that Mr. Tyrrell gives results of 
statistical analysis of 77 heats indi 
cating an average titanium/carbon 
ratio greater than 9 

It would appear, in recapitula 
tion of the above, that the substitu 
tion of titanium-stabilized steel for 
the columbium type is generally 
either permissible or warrants se 
Nevertheless 
from the point of view of service 
ability, the specific requirements of 
the application must be carefully 
evaluated or a preliminary service 
test must be conducted before final 
decision is made. Where deteriorat 


rious consideration. 


ing influences exist, adequate sta 
bilization must be insured, either 
through the medium of adequate 
titanium/carbon ratios or thermal 
stabilization; otherwise, the con- 
servation of a amount of 
stabilizing element may require pay 
ment in terms of replacement of an 
entire component, involving con 


small 


siderable critical alloy, man-hours, 
disability of equipment, money and 
perhaps more disastrous results 
rhus, it is extremely difficult, to say 
the least, to present a priori any 
extensive list of applications where 
steels properly stabilized with tita 
nium and properly processed would 
be unsatisfactory, except possibly to 
stress the need for caution in high 
temperature applications involving 
gas welding, continuing high or 
vibratory stresses or highly deteri 
orating environments. 

Another question that has often 
been raised is whether stabilized 
grades are necessary at all for high 
temperature operation. The preced 
ing paragraphs in this discussion 
and additional data, definitely pre 
clude any categorical statement that 
stabilized steels are unnecessary. It 
is true that in certain applications 
involving moderate time, tempera 
ture and exposure conditions, low 
carbon (0.03 max.) stainless may 
be entirely suitable. As previously 
stated, the specific type of appli 
cation must first be studied or 
service-type tests conducted. It ts 
as unjustified to arbitrarily apply 
conclusions from one set of operat 
ing conditions (perhaps only par 
tially definable) to another type ot 





Fig. 2 ippearance of Failed Exhaust Collector Ring As Received for Investigation 
portion made of unstabilized stainless steel 


indicate planes on which micro-examinations were made 


application as it is to extrapolate 
from accelerated laboratory 
but too often this is done 
Again by way of example, it ap 
pears that the petroleum industry 
utilizes unstabilized stainless suc 
cessfully at high temperatures. Yet 
i number of aircraft exhaust com 
ponents made in part from un 
stabilized steel and in part from 
stabilized steel, have failed in serv 
ice completely in the unstabilized 
portions 


tests, 


Figure 2 illustrates how 
the unstabilized material cracked 
and broke away Figure 3 shows 
the severe intergranular corrosion 
found on the inside surface of the 
unstabilized steel only Neverthe 
less, the low-carbon unstabilized 
stainless may be substituted in a 
number of less critical applications, 
and in any case, the melting of 
lower-carbon stabilized stainless 
permits conservation of columbium 
per se, as well as, alternatively, the 
ise of high titanium/carbon ratios 
while still retaining low titanium 
content, with possible advantages in 
improved cleanliness and ductilit 
It would seem feasible, also. to 
produce at least a substantial per 
centage, if not all, of the required 
umount of low-carbon stainless in 


nm emergency. in spite of potential 


shortages of low-carbon ferrochro 
mium, particularly when it is re 
called that in one current large-scale 
process of producing stainless, utili 
zation of direct reduction of chrome 
ore obviates the need for low 
carbon ferrochromium 

In conclusion, the substitution 
of Type 321 for 347 offers greater 
promise than any other = singk 
measure for conserving columbium 
Additional columbium can be con 
served by lowering the carbon in 
the stabilized grades, by using the 
unstabilized 0.03% carbon maximum 
type in some components, by using 


hig. 3 
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Component is shown at about 2 


Faidure occurred in 


Numbered areas indicate sections taken for test. Dotted lines 


> actual siz 


olumbium-tantalum stabilizing 


ombinations, and even by using 
olumbium-titanium — stabilizing 
combinations, for which favorable 
data exist It appears highly sig 
nificant also, based on Mr 
data, that 85% 
used over what is actually called for 

Important end-uses must be stud 


ied carefully 


Iyrrell's 


excess columbium is 


however, and the s« 
lection of material must be based on 
the requirements of the individual 
uses Sometimes only service tests 
will give the positive answer. 

The above discussion has been 
slanted toward the more critical ap 


Severe Intergranular Corrosion at Inside Surface of | natabi 


lized Steel in Failed Collector Ring Shown in Fig. 2 
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plications in aircraft, where jeop- 
ardy of life and fulfillment of vital 
missions, as well as economy, pro- 
duction and maintenance, must be 
considered; and where, in view of 
the difficulty of obtaining conclusive 
experience data and positive, exclu- 
sive explanations of failures, all 
danger signals must be viewed with 
concern, Obviously, there are many 
simpler applications of stainless 
steel] where such detailed consider- 
ations are not necessary. 
N. E. PRomisel 
Head, Materials Branch 
Navy Bureau of Aeronautics 


Stabilized Castings 


Minewona, N. Y. 
Very limited quantities of tita 
nium-stabilized castings have been 
produced by the alloy 
industry in the United 
Conversely 


casting 
States. 
production of colum 
bium-stabilized castings of the CF-8C 
type (corresponding to the wrought 
alloy Type 347) has shown a steady 
increase in tonnage as well as in 
percentage of total output. The 
following tabulation of shipments 
shows the growth in demand for 
stabilized alloys in the postwar 
years. The increase in 1949 is espe- 
cially significant because the total 
output of corrosion resistant cast 
ings declined in that year with re 
spect to 1948 
Ca Tyre Ti TyPt 

1946 185,000 Ib 160 Ib 

1947 161,000 1650 

1945 05,000 

194 R34,000 


1950* 710,000* 


*First 7 mo, (est.) *tNone reported 


In view of the present necessity 
to eliminate columbium from all but 
the most essential uses, it is 
encouraging to learn from Mr 
Iyrrell’s article that Solar Aircraft 
Co. has made a successful start on 
overcoming previous objections re 
lating to production of titanium 
stabilized castings in the foundry 
Although the stabilized cast alloys 
were studied in past research pro 
grams, the Technical Research Com 
mittee of the Alloy Casting Institute 
recently began a new project at 
Battelle Memorial Institute directed 
toward a more extensive investiga 
tion of the corrosion resistance and 
castability of titanium-stabilized 
compositions. 

EB. A. SCHOEFER 
Executive Secretary 
Alloy Casting Institute 


BIRMINGHAM, ALA. 

The steel and alloy casting found- 
ries have generally preferred the 
columbium-stabilized Type 347 to 
the titanium-stabilized Type 321 for 
three reasons: (a) Titanium-stabi- 
lized stainless steels do not perform 
well in the Huey test (boiling 65% 
nitric acid), (b) they are considered 
difficult to weld without adversely 
affecting their corrosion resistance 
and (c) titanium is easily lost by 
oxidation in the ladle or during 
pouring. 

None of these is a conclusive 
reason for not using the titanium- 
stabilized steels. The Huey test is a 
test for the resistance of a metal in 
boiling 65% HNO, only, and tells 
nothing about its resistance in other 
mediums; it is known that the tita 
nium-stabilized steels are quite re 
sistant to many mediums. Welding 
with titanium-stabilized rods has 
not been successful but with colum- 
bium-stabilized rods there should 
not be too much loss of titanium 
from the parent metal. The loss of 
titanium in the ladle and during 
pouring can be compensated for by 
careful practice rherefore, for 
many services, the objections are 
nonexistent or can be 
and Mr. Tyrrell’s point for conser 
vation is well taken, especially in 
view of the considerable advantages 
for the titanium steels which he has 
pointed out 

CHARLES K, DoNoHo 
Chief Metallurgist 
American Cast Iron Pipe Co 


overcome, 


ELYRIA, OHLO 

| believe the points made by Mr 
Iyrrell are well taken. In my opin 
ion, there is no reason why the 
titanium-stabilized material should 
not be a logical substitute for 
elevated-temperature service where 
creep strength and hot gas corrosion 
resistance are predominating signif 
icant properties, 

We know from our experience 
and data that additions of colum- 
bium to the 18-8 and 25-12 types of 
alloy castings impair oxidation re 
sistance severely. The adverse effect 
of titanium is much less. 

Because of the common idea that 
titanium impairs the fluidity or 
foundry handling characteristics of 
Stainless and heat resistant alloys, 
we have not experimented with it 
to any appreciable extent. It is un- 
likely that these troubles are severe, 
and our company 
other 


is well as many 


producers of alloy castings, 
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will devote considerable effort in 
the next few months to investigat 
ing the titanium-modified alloys 
N. A. MATTHEWS 
Division Metallurgist 
Electro-Alloys Division 
American Brake Shoe Co 


Dernoi 

As Mr. Tyrrell indicates, the 
present necessity for conservation 
of columbium requires a reappraisal 
and an investigation into alternats 
practical methods of stabilization 

Our own experience with tita- 
nium stabilization is somewhat 
limited; however, early attempts at 
the production of titanium-stabilized 
castings indicated a fluidity prob 
lem and, as Mr. Tyrrell has men 
tioned, some “fading” of titanium 
The mechanical properties of cast 
titanium stainless have been found 
entirely satisfactory and tests in our 
laboratory check those of the author 
very closely. 

It would appear that Mr. Tyrrell 
could offer a distinct contribution 
by elaborating on his methods of 
producing castings, particularly as 
regards the manner of introducing 
titanium into the melt, the recovery 
of titanium both from the ferro 
alloy and from titanium-bearing 
scrap, and the fluidity and casting 
characteristics experienced 

R. J. Witcox 
echnical Director 
Michigan Steel Casting C« 


SHEFFIELD, ENGLAND 

We unfortunately have no easily 
available statistics at our disposal to 
demonstrate the relative extents to 
which columbium and titanium have 
been used now or in the past in this 
country, but I think we can say 
without doubt that, insofar as steel 
castings are concerned, there has 
been a marked preference over the 
last ten years or so for columbium 

It seems equally certain that this 
preference is the result of the bette 
fluidity and the better mechanical 
test figures steel founders normally 
obtain from the columbium-treated 
steels on the one hand and of the 
relatively high losses of titanium 
during steelmaking on the other. In 
addition, many producers have found 
greater difficulty in meeting the 
copper sulphate — sulphuric acid test 
when using titanium. 

It must of course be said that 
these alleged disadvantages of tita 
nium have been magnified by ‘the 
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The perchloric-acetic electrolytic method is superior to mechanical polish- 
ing and chemical etching for zirconium and zirconium-uranium alloys. 





Metallography of Zirconium 





es INCREASING INTEREST in zirconium for many 
applications beyond the small amounts used 
in deoxidizing steel has created a need for methods 
of evaluating the structure and properties of the 
metal and its alloys. The metallography of 
zirconium like all metallography 
related but distinct problems 


has two 
One is the prepara- 
tion of surfaces for microscopic examination; the 
second, interpretation and standardization of 
structures Satisfactory progress has been 
achieved along both lines, particularly the first 
Zirconium resembles other rare metals closely, 
but certain characteristics of it render ineffective 
the methods ordinarily used in sample prepara- 


Note This work was carried out at the M.L1 
Metallurgical Project under Contract No. W-7405 
eng-175 with the U. S. Atomic Energy Commission 
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Fig. | — Zirconium-Uranium Alloy Containing 


tion. In this laboratory, mechanical polishing and 
chemical etching never seemed to produce opti- 
mum results. A variation of the perchloric-acetic 
electropolishing method has been found most use- 
ful for zirconium and many of its alloys. 

The procedure outlined here is fast and fairly 
simple. Preparation of the sample, prior to elec- 
tropolishing, consists of customary paper grinding, 
finishing with grit 3,0. Anything finer than 3/0 
tends to smear zirconium rather than to cut it 


Samples are unmounted, providing good electrical 





By H. P. Roth 


Metallurgical Project 
Vassachusetts Institute of Technology 
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2.3% Uranium. Held 6 hr. at 1380° I. and 


brine quenched. Same area photographed in bright light (left) and polarized light. 250 
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Fig. 2 ili Transverse Sections. (A 
“Crystal bar™ machined to a round, cold 
swaged slightly and annealed 2 hr. at 
1830° F.. subsequently cold swaged to 
25% reduction in area and annealed 
l hr. at 1290° F. to recrvstallize. Fine 
carbide stringer formations occur along 
certain planes within primary crystals 
Often such inclusions have a marked 
effect on new crystal formation and 
grouth in zirconium. (B) Same area 
C) Tubing extruded from cast crystal 
bar zirconium. D) Zirconium-ura- 
nium alloy containing 19% Ul with 
0.5% C, heated during dilatometri« 
testing to 2060° F. and slouly cooled 
The clear, gray globular masses are 
carbides Micrographs on left made 
with polarized light; the other two, with 
bright light. Magnification 250 
except (D). which is 500 x 


Most of the zirconium produced it 
the U. S. is made by two processes 
ilthough others have been devised 
One reduces zirconium tetrachloride 
by molten magnesium; this product 
as currently made by the Bureau of 
Mines, consists of a dense sponge 
rhe other process, from which the 
purest metal is obtained, is the iodide 
method. Crude powder or lump zi: 
conium is placed in a chamber con 
taining a hairpin filament connected 
to electrodes After evacuating and 
heating, iodine is admitted and the 
resulting reaction deposits zirconiun 
on the hot filaments. The product is 
often referred to as “crystal bar’’, be 
cause it appears to be many angular 
erystals of medium size, haphazardly 
piled up to form shiny, irregular rods 


Fig. 3 Transverse Sections. i 

Bureau of Mines zirconium melted in 
graphite. (B) Crystal bar swaged to a 
reduction in area of 6.7%; typical 
worked structure. (C) and (D) Same 
metal annealed for 6 min. in lead bath 
at 1200° F. after swaging. These speci- 
mens show recrystallization beginning 
along deformation bands similar to 
occurrences observed previously in ura- 
nium (see Metal Progress for November 
1949). ill micrographs made with 
polarized light. Magnification 250 > 


except (C), which is 100 X. Prepared for 


R. M. Treco in an investigation on th 


recrystallization of zirconium 


Page 710 





Fig. 4 Transverse Sections. (A), (B), and (C 
are from the same specimen of Foote crystal bar 
machined to a round, cold swaged slightly to induce 
recrystallization, annealed 2 hr. at 1830° F. and 
slowly cooled. Specimen was then reduced 39% 
by cold swaging, heated to 1830° F. in purified 
argon and brine quenched. (D) Crystal bar cold 
swaged to about 20% reduction in area and water 
quenched from above 1830° F. All micrographs 
made with polarized light. Magnification 250. 


except (A), which is 100 


contact. This also keeps bakelite out of 
the bath and eliminates the possibility of 
explosion Any reader seeking reassur- 
ance concerning the safety of perchloric- 
acetic acid solutions may refer to the 
excellent article by P. A. Jacquet, Metal 
Finishing, November 1949, p. 62.) 

The electrolyte consists of one part 
60% perchloric acid to ten parts glacial 
acetic acid. This solution can be prepared 
in a few minutes and used immediately 
About 300 mi. total volume is usually 
sufficient. The life of the bath permits polishing 
of 30 to 35 samples of approximately 4, in. square, 
or about ‘2 sq.in. of total surface area immersed 
Larger pieces can be polished by varying the cur- 
rent density 

The cathode is a strip of stainless steel placed 
horizontally about an inch below electrolyte sur- 
face level. The portion of the sample requiring 
polishing is immersed with the current on for 45 
sec. It is removed rapidly and placed in a mild 
acetic acid bath for thorough rinsing to remove 
any accumulated sludge, then rinsed in tap water 


t o 3 <A 
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5 Zirconium-lranium Alloy Containing 


15.85% Uranium. Brine quenched after 100 hr. at 
1110° F. Carbide appears at upper left as darker 
gray mass with black voids. Bright light; 250 


November, 


and dried. The mild acetic rinse consists of 2 to 4 
ml. of glacial acetic acid in about 50 mil. of tap 
water. To polish, about 12 to 18 volts d.c. is used 
drawing current within the range 0.02 to 0. 
amperes, the variation depending mainly on the 
area of specimen immersed. The sample should 
be agitated during the entire time of immersion 

This procedure should produce an excellent 
surface for observation by polarized light and 
often by bright light It tends to polish some 
phases and grains of certain orientation prefer- 
entially. In some samples this effect may become 
exaggerated, causing too much “relief” polish, par 
ticularly for bright light Carbides can always 
be well preserved and polished, unless cracked 

All electropolishing techniques lack exact 
reproducibility from specimen to specimen, This 
one has a very narrow working range of current, 
which must be determined for each sample by trial 
and error. If the resulting surface has any of the 
usual undesirable effects of partial polishing, the 
sample should be immersed for another 30 to 45 
sec. If this does not suffice, the sample should be 
repolished on emery paper and then electrolytically 
with a slight variation in current 

The condition of the metal has much to do 
with polishing behavior. Worked structures are 
difficult to reveal clearly Cast structures and 
recrystallized structures produce excellent results 
The accompanying micrographs are from samples 
prepared by the methods described here; none was 
chemically etched after electropolishing 6 
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Critical Point 


By The kditor 





White Man’s Medicine for Red Man 


AMERICAN ORDNANCE ASSOCIATION holds its 

annual meeting, every three or four years, 
at Aberdeen Proving Ground, where Army Ord- 
nance officers and men demonstrate the latest guns, 
ammunition and transport developed for the serv- 
ices, and a breathless show it is indeed. Most 
notable of the obvious improvements since the 
Editor's last visit is the waterproofing of the 
electrical system on all automotive vehicles; a jeep, 
for example, can ford any creek limited in depth 
only by the elevation of the driver’s nose and the 
length of the engine’s air intake and exhaust 
chimneys; a standard Patton tank, wallowing 
through a water hole so deep that only the turret 
appears, comes out spouting bilge water like a 
whale, all the time its gun trained on the target 
by gyro control. Tanks and heavy transport gen- 
erally are much faster and negotiate almost impass- 
able ground, cross country, rough and swampy 
“Power packages” (including 750-hp. engines, trans 


Equipment for the Arctic or the Stratosphere Requires Non- 
Vetals With 


Photo by U.S. Army 


freezing Lubricants and Shock Resisting Metals 


Very Low Transition Temperatures 


missions and gear-shifting servomechanisms) are 
replaceable in the field in 20 min. Armored troop 
carriers accompany the leading tanks in an attack- 
ing battalion; like the trick autos in the circus, 
they disgorge 24 fully equipped infantrymen 
Muzzle velocity of projectiles is greater, which 
means better ability to pierce armor. Weight is 
progressively saved in all rifles, howitzers and 
mortars, big and little, by generous use of higher 
strength steel, welded components rather than cast 
ings, and parts made of aluminum, magnesium and 
titanium. Many of them can now be air-borne and 
parachuted. Then, too, there are the unconventional 
recoil-less rifles, bazookas and rocket launchers 

much lighter — some lighter indeed than the round 
of ammunition, and demountable into subassem- 
blies carried by one man Fire power is greater 
and greater. Twenty-four rockets from a launcher 
within a minute are impressive enough, but a burst 
of tracer bullets from the six machine guns in 
the nose of a jet fighter is really hair raising 

120 a sec. (repeat second! Even though the plane 
is on-target but an instant, it is hard to see how 
anything could fly through such a spray of lead 
and yet survive In the afternoon of this 
memorable day a mock battle demonstrated how 
this equipment was used in action. A low hill some 
It was defended by 
mythical troops; a half dozen remote controlled 
tanks and many concealed machine guns and pill 


3000 yards away was attacked 


boxes heightened the illusion. The area was worked 
over pretty thoroughly by 
field artillery, fighters and 
bombers, and it is hard to 
see how many humans could 
have survived, but the enemy 
tanks then had to be taken 
care of, and the pill boxes 
and fox holes cleaned out 
some by flame throwers 

a nice, civilized gadget if 
there ever was one!) before 
the infantry commander 
radioed “Mission aeccom- 
plished” Some Red 
Korean equipment was trun- 
dled past; pretty poor stuff 
However, inquiry about the 
numerous World War Il 
Soviet artillery and tanks 
on exhibit left the impres 
sion that they were stripped 
of frills, rather rough and 
ready, evidently made by 
none-too-skilled workmen, 
but quite effective weapons 


nevertheless 8 
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A New Anodie-Film Method for 


Studying Orientation in Aluminum 








IN AN EARLIER ARTICLE, in Metal Progress for 
March 1948, the authors described a method 
of surface preparation which revealed, at least 
qualitatively, the orientation of grains in alumi- 
num. Subsequent improvements in technique 
may be of interest. This paper will report on the 
following: (a) an electrolyte and technique which 
give satisfactory results in a shorter time, (b) the 
extended use of striations as a help to observe 
changes in orientation, (c) the application of the 
method for macro-etching, and (d) the application 
of the method for analysis of flow in plastic 
deformation and for the study of recrystallization 
Technique —- The anodizing electrolyte is mixed 
in the following proportions 
Orthophosphorie acid (85% } 
Diethyvlene glycol monoethy! 
ether (Carbitol) 1660 ml 
Hydrofluoric acid (48% ) 320 ml 
Boric acid (anhydrous) 128 ¢ 
Oxalic acid (crystals) 728 
Water (distilled) 1012 ml 


808 mil 


The ingredients are mixed into the tank and 
stirred until all are in solution 

rhe container for anodizing must have chem 
ical resistance and also high thermal conduction 
so as to transfer heat rapidly from electrolyte to 
thermostatically controlled jacket An exploded 
view of the set-up is given in Fig. 1 

The degree of flatness and polish of the sam 
Otten 
flattening or polishing is unnecessary In any 


ple is governed by the precision required 


event the surface should be clean before its immer 
sion in the electrolyte 

The agitation is controlled in such a way as 
to have a gentle flow past the sample and yet 
maintain sufficient flow between tank and central 
portion of electrolyte to insure temperature con- 
trol within the limits specified 


Current is derived from a d-c. generator the 
output voltage of which is so regulated as to pro- 
cure the desired current density. Normally, less 
than 40 volts is required; however, if it is desired 
to smooth out the surface first and to remove a 
particularly tough oxide skin before anodizing, as 
high as 70 volts may be required 

The following procedure, at a temperature of 
35° = 1° C., will be found to give a fairly high 
birefringence combined with clear striations: 

1. Step up the current density to approxi 
mately 5 amp. per sq.in. for approximately 30 sec 

2. Then. drop the voltage until the current 
density is 42 amp. per sq.in. and maintain at this 
level for 1%, min 

3. Remove sample from electrolyte and trans- 
fer quickly to cool water. Hot water should not 
be used for washing and rinsing. Once rinsing is 
complete, in about | min., shake off excess water 
and dry in a gentle flow of air. 

If it is desired to avoid heating of the sample, 
which may result from Step 1, the voltage should 
be set at around 30 so as to reach a stable current 
of approximately 250 milliamp. per sq.in., which 
is held constant for 5 min. or more, depending on 
the depth of effect desired 

The procedure outlined above is to give a defi 
nite depth of coating and clear striations with 
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super-purity and commercial purity aluminum Applications to Plastic Deformation 
Slight variations of time, current density, and tem 
perature of electrolyte may be necessary with The gradual change of orientation in a 
variations of alloy and metallurgical condition deformed structure may be readily followed by the 
change in interference colors and by the change 
Applications to Reveal Grain Size of direction of the striations The manner in 
which plastic deformation distorts the structure is 
Since the birefringence and direction of stria shown in Fig. 3, 4 and 5 


tions of the anodic film produced according to the In Fig. 3 is shown a piece of super-purity 


method described above depend on the orientation aluminum sheet with 0.11% silicon added which 
of the substrate, a very useful application is the was given a reduction of 75% and subsequently 
revealing of grain size for visual or low-power annealed for 30 min. at 600° F Only partial 
examination. In Fig. 2 is shown a piece of casting recrystallization has occurred. The parts that 
of commercial purity metal which was “macro have remained unrecrvstallized still show the 
etched” as described. Some other alloys have been 
found to respond quite satisfactorily 

Even very fine grain that is difficult, if not 
impossible, to reveal by the usual macro-etches 
may be seen clearly at the low magnifications used 
for macro studies 


Fig. | Exploded View of klectrolyte Container 
Tank itself is made of aluminum sheet, 0.032 
in. thick. Cathode is graphite; holes and pecul- 
iar shape are to facilitate movement of electro- 
lyte from tank wall to central portion. Chem- 
ical protection is afforded by “ Nukemite No. 35” 


Fig. 2 Grain Size in a 4x 4-In. Area 


of Casting of Commercial Purity Aluminum 


changes of orientation within one grain caused by 
plastic deformation. 

Figure 4 shows a similar piece of metal at a 
higher magnification to reveal the detail of the 
banded grain shown in Fig. 3. In this specimen 
parallel portions of the grain have rotated in «a 
manner suggestive of twinning 

In Fig. 5 is shown another similar piece of 
cold) worked super-purity metal exhibiting tw 
other types of deformation occurring within one 
grain In one type. where the striations are 
straight, apparently only slip has taken place, with 
little or no relative rotation from region to region 
of the same grain. In the other type, deformation 
has taken place with some rotation. It should be 
noticed that some grains and portions of some 
“rains receive much more deformation than others 
if the amount of rotation is taken as a criterion 
of the amount of deformation. The additional 


information given by a color micrograph can be 
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Fig. 3 — Partially Recrystallized Super-Purity Alumi- 
num Sheet With 0.11% Silicon Added. In some regions 
a cold worked structure still prevails, whereas in other 
regions recrystallization has started. Of particular 
interest are the parallel bands in a single deformed 
grain and the similarity of orientation of a group of neu 


recrystallized grains in a single grain. 100 


judged by comparison of the black and white 
rendition, Fig. 5, with its color reproduction on 


the front cover 


Applications for the Study 
of Recrystallization 


By the study of orientations and deformations 
some light may be shed on the structural changes 
that take place when a deformed piece of metal 
is subjected to a thermal treatment for purposes 
of softening. As an example of the type of infor- 
mation that is obtainable, several features may be 
analyzed from the structure shown in Fig. 3. The 
field referred to is the region where recrystalliza- 
tion has started, toward the right-hand side 
it may be deduced: 


1. Reerystallization does not occur homoge- 
neously throughout. Some regions of a piece will 
recrystallize partly, if not wholly, before others 

2. Recrystallization is often observed to start 


at preferred locations such as grain boundaries o1 


near grain boundaries, or in certain parts of 
me grain that have been subjected to a different 


Fig. 5 Cold Worked Super-Purity Aluminum Sheet. 


The grain on the extreme left has been homogeneously 


deformed whereas the two others have suffered some 


500 &. 


is shown on the front cover of this issue of Metal Progress 


torsional flow. Color micrograph of this area 


Fig. 4 Detail (at a Magnification of 500 Diameters 
of Parallel Bands in Middle of Field of Fig. 3. From 
the striations it may be seen that adjacent bands have 
widely different orientations and that within one band 
and near the band boundaries there is a gradual change 
of orientation. Parallel portions of the grain have 


rotated in a manner suggestive of twinning 


deformation because of the pressure of surround 
ing grains 

3. At temperatures near 535° F. (the phe 
nomena at other temperatures have not been stud 
ied yet) the new grains forming within a uniform 
region of a single deformed grain take up a com- 
mon orientation which is different from the orien 
tation of the deformed matrix This common 
orientation is strikingly revealed by the original 
which all the 


recrystallized grains show the same color 


micrograph taken in color, in 
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This article describes the operation of induction furnaces 
for melting titanium in graphite, the mechanical proper- 
ties of the as-cast metal and its forging characteristics. 





Casting and Forging 


of Titanium 





Tue rirst year of Du Pont’s development 
a work on titanium was summarized in Metal 
Progress for February 1949, p. 195. At that time 
facilities had just been installed for induction 
melting and casting 100-lb. ingots in graphite 
During the last year, the scale of operation has 
been gradually increased until 650-lb. ingots are 
now being cast regularly by the same technique 
Several thousand pounds of titanium have been 
melted in the furnace represented in Fig. 1 

Basically, the furnace consists of a graphite 
melting pot (1) (CS-grade graphite) insulated by 
carbon black from an exterior silica or transite 
shell (2). Shell temperatures do not exceed 400° F 
and transite is preferred because of mechanical 
stability and lower cost. A short pouring spout is 
threaded into the bottom of the melting pot and 
feeds into a removable graphite liner (3), sur 
rounded by a permanent graphite sleeve (4 The 
metal pours through the liner into a graphite mold 
2) provided with a removable plug (6). The mold 
is held in place by a mechanical jack (7) to facili 
tate assembly. The melting crucible is supported 
by porous carbon blocks (8) which, in turn, are 
supported on a 1-in. transite plate (9 Threaded 
hangers (10) from aluminum angles (11) support 
a graphite mold lid (12 The density of sponge 
does not permit holding of the entire charge (650 
Ib.) in the melting crucible, and a hopper (13 
equipped with feed rods (14) and sight glasses (15 
is employed. Sponge flows from the hopper through 
\ poke 
rod (18), centered by a graphite bushing (19), is 


a steel tube (16) into a graphite pipe (17 
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necessary for measurements of sponge depth and 
may be used for clearing the pouring spout. Energy 
is transmitted to the crucible by a water-cooled 
copper induction coil (20) powered by a 100-kva., 
9600-cycle motor-generator set. Tapping is accom- 
plished by fusion of a titanium plug inserted in the 
pouring spout. A secondary water-cooled copper 
coil (22) provides the necessary energy. Tempera 
ture measurement, based on optical pyrometry, is 
made by sighting on the bottom of blind, argon 
flushed tubes (21 


of the melting crucible 


located in the wall and centet 
Argon is introduced to 
the melting crucible, mold, and hopper (23) and 
vented (24) through the transite lid (25 Pressure 
is relieved during casting by an expendable rubber 
balloon (26 
A typical cycle consumes about 10% hr. for a 
150-Ib. ingot, consisting of the following steps 
1. Charge sponge to crucible and hopper 
Flush 2 hr, with 8 cu.ft. of argon per hi 
Initiate power to the primary coil (20) to 
25 kw. for 1 hr., during which time furnace tem 
perature reaches about 1650° F. 
4. Boost power input to 40 kw. for next 2 hi 
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@3) Argon intet 


(5) Sight Gloss 


at which time the charge will have settled to one 
half its original volume. 

5. Initiate hopper feed; charge level is main- 
tained relatively constant by means of poke rod 
measurements. 

6. Add feed intermittently for the next 54% hr 
and regulate power so that the crucible wall tem- 
peratures do not become excessive (3140° F. max.). 

7. When the entire charge is molten, energize 
the tapping coil and drop the melt. If necessary (19 Graphite 
the poke rod is used for clearing the spout. Bushing 

8 After cooling 6 to 8 hr., open apparatus 
and discharge ingot. 


14) Feed Poke 
@ 


(18) Poke Rod 


(13) Feed Hopper 


(6) Sheet Stee! Feed Connections 
21) Sight Glass -—. 
@!) ’ (17) Graphite Feed Tube 
Pertinent data on a 450-lb. melt are 


10% hr. 

3150° F. 

274.1 kw-hr. 

0.609 kw-hr. per tb. 


@3 Argon iniet }) Argon Vent Tube 
rotal cycle 

Pouring temperature 
Energy input 
Energy per pound 


% Transite 


Graphite Melting Pot 
Shrinkage on solidification is about ‘%-in. on 


the diameter of a 16-in ) 15 Oia. Silico Shel! 


ingot, allowing for easy 
removal from the mold. Surface is good, as was 


. Woler - fed ’ U 
190 of Metal Progress J Coo Coppe - 


illustrated in Fig. 1 on p 
for August 1950 





In contrast to what occurs to Porous Carbon Blocks 
many metals, titanium ingots do not 
pipe, probably due to the presence 


of hydrogen, which 








Aluminum 
Support 
Water- Cooled 
/ Copper Coil 
3°x 30" Dia” 
Graphite 


Tronsite, 


approximates a? 
0.006% in both sponge and ingot on Cee 
In fact, a negative pipe or top bulge Argon inlet 
results 

collect in 
small pockets, forming an envelope 


not unlike rimmed steel; this 


The hydrogen may ) Balloon Threaded Graphite Sleeve 


) Removable Graphite Sleeve 


phenomenon is shown in Fig. 2. The ingot was 





: a . Graphite Moid 
polished and etched with dilute nitric-hydrofluoric 


acid and india ink was used to improve contrast ) Plug 
The macrostructure shows a thin skin of fine equi- ' 
axed grains which formed as the molten titanium coe 
was chilled by the relatively cold graphite, followed 

by an envelope of blowholes, 14% to 2 in. wide 





exterior is noted, followed by columnar grains 
exhibiting directional solidification; medium-sized 
equiaxed grains are shown in the ingot center 
Ingots produced by induction melting of sponge 
titanium usually contain 04 to 08% 
0.02 to 0.06° 


range from 200 to 250 


carbon and 


nitrogen. Brinell hardness is in the 


Alloys are easily prepared in this type of fur- 


° et ates : nace, and ingots containing as much as 35° alumi- 
Fig. 2 — Section Through a“ Rimmed” 
Ti : F a] F T num, chromium, iron, manganese, and nickel, with 
itantum ngot. n. cross op 
E U the remainder titanium, have been cast without 


difficulty Because the entire charge is molten, 


Columnar structures can also be produced at 
lower cooling rates, as shown by the 400-lb. ingot 
in Fig. 3, p. 718 
apparently minimizes blowholes 


This solidification condition 
A fine equiaxed 


there is no abnormal tendency for segregation or 
“layering” of the alloying constituents. Pouring 
temperatures are usually lower, and carbon pick-up 


can be held to 0.5° or less in some alloys 
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Fig. 3 Typical Macrostructure Ingot Measuring 13 In. Across 


Properties of As-Cast Titanium cate that freezing occurred prior to complete center 
solidification (top of Fig. 3), and it is postulated 
Contrary to many reports, good mechanical that rejection of hydrogen in the molten center 
properties can be obtained with titanium in the displaces the top upward. |Eprror’s Note: Swell 
is-cast condition. A series of specimens of several ing of cast slabs of copper and its alloys is such 
different sizes were cut from different positions in an abstruse phenomenon that the real reason may 
a 7-in. diameter, 100-lb. ingot of the following be obscured. 
analysis: 98.48 titanium, 0.98% carbon, 0.06% Other cast alloys prepared by are melting have 
nitrogen, 0.05° iron. Table L, at top of the opposite shown elongations of 15 to 20° in 2 in 
page, shows tensile properties at 
two positions for each of two 


hig. 4 Fracture Surfaces of 0.250-In. Tensile Bar. 100 


specimen sizes 

Although there was a difference 
in fracture grain size, probably due 
to the variation in solidification 
conditions between the top and 
bottom specimens, the tensile prop 
erties were roughly equivalent. All 
specimens exhibited the familiar 
“orange peel” surtace along the gage 
length, indicating homogeneity of 
the material and lack of local 
defects 

Oriented dendrites were observed 
in these specimens and fracture 
tended to take place parallel to the 
dendritic trunks. Even with such 
unfavorable orientation, 7 to 8 
elongation in 2 in. was achieved 
The association of carbide chains 
with transformed beta dendrites 
clearly demonstrated in Fig. 4 
right 

The typical top-bulged surface 
represents an interesting ingot 
structure. Oriented dendrites per Parallel to frac Perpendicular to fracture direc 
pendicular to the top surface indi ture directionality tionality (end view of dendrites) 
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Table | — Tensile Properties of As-Cast Titanium 


of about 240 Vickers, excepting the 





YIELD 
STRENGTH 


TENSILE 
STRENGTH 


SPECIMEN 
DIAMETER 


0.2% 
POSITION 


Top, radial 
Top, radial 0.250 
Bottom, radial 0.505 


Bottom, radial 0.250 


0.505 in. | 92,000 psi. 
96 800 
94,400 


98,400 


81,500 psi. 
87,900 
83,000 
88,000 





ELONG, 


A% 


j 
7.0 
r 


8.0 


sample forged at 1600° F., which tested 
273 Vickers, probably due to cold work 
The 1600° exhibited a 
higher tensile strength, as can be seen 
in Table Ill 
Microhardness 


R. A. 


sample also 
9.5% 
7.1 


94) 


j 7-0 


surveys showed a 


maximum depth of hardening of 0,020 








Forging 


Table Il — Effect of Forging 
Temperature 


in. on the piece forged at 2100° F 
his hardened layer was found on 
the portion of the disk that had 
the cold anvil during 


rested on 





As reported by J. Maltz 
ind \ of U. S. Naval 
Gun Factory in Metal Progress for 


was 
TEMPER 
ATURE 


DePierre 


August, the forging of commercial 
0.78 carbon 
difficulty; the 
metal flows more readily than mild 
at the temperature. 
hese experimenters used the ordi- 


1600° F. 
1700 
1800 
1900 
2000 
2100 


titanium containing 


offers no special 


steel same 





ForGinG BLows* 
Run A 


45 
21 
18 
16 
15 
17 


forging and probably represented 
the maximum depth of hardness 


Run B It was 


penetration during heating 
found that the 


layer penetrated to an extremely 


hardened zone or 


36 
22 
19 
17 
16 
15 


shallow depth on the upper sur 
face of these disks, indicating that 
the hardened layer probably broke 


off during forging. No hardened 








nary heating and forging techniques 
found in drop forging shops mak- 
ing steel Their in- 
cluded hammer forging between flat 


parts work 
dies, hot rolling in a plate mill, and drop forging 
into small levers 

Commercially pure titanium containing about 
0.7% C the 
1800 to temperatures do not 
increase forgeability much, as can be seen from 
the data in Table Il, developed in cooperation 
with the Wyman-Gordon Co. The constancy of 
the in these tests depended on 
the operator’s skill and was not mechanically 
controlled 

After forging, 
made along the center lin 
each disk 


flows freely 
100”? F.: 


in temperature range 


higher 


delivered blow 


hardness transverses were 


of a slice cut from 


Fig. 5 
80% 


Cross Section of Forging After 
Reduction. Unetched; 50x 


*Number of blows to reach 
a constant deformation 


found the 


forged at 1600° F 


layer was on piece 


Table Ill — Mechanical Tests on Upset Forgings 








ForRGING 
TEMPER 
ATURE 


0.2% VicKERs 


HanpNness* 


TENSILE ELONG 


STRENGTH 


YrIrLp 
STRENGTH ATION 
1600° F 
1700 
1800 
1900 
2000 
2100 


106,000 
92,000 
86,000 
85.000 
85.000 
81,000 


112,000 10° 
100,000 x 
99,000 10 
96,000 12 
98,000 17 
95,000 16 


~ 


tw t& t 








All samples showed a uniform hardness 


* Average across sample 


Voids in titanium appear to be satisfactorily 


welded by simple forging. Forging tests on an 
ingot containing numerous voids sealed completely 
after 50 to 80% reduction 
This is shown by Fig illustrating 


80 reduction 


cross section 
the 
No holes or 


in area 


o, micro 
structure after lines 
are observed which would be indicative of simple 
flattening of the voids without welding, and tensile 
The 
titanium 


tests on the forgings showed normal values 
fact that 
sheets pack-rolled at 


obtained 
1450° I 


welding is between 


is further evidence 
for this conclusion 

Typical cast and forged structures for a tita 
nium ingot containing 08% carbon are 
shown in Fig. 6. The dendritic carbide pattern is 
readily apparent in the as-cast metal. On forging, 
the dendritic structure is replaced by a random 


distribution of rather small rounded carbides 


about 
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As Cast Forged strip specimens of iodide, are 
melted, induction-melted and _tita- 
nium alloy. It is obvious in this 
graph that the tensile strength of 
iodide strip and annealed strip is 
proportional to the Vickers hard 
ness number (10-kg. load). Strength 
of forged and air cooled forgings is 
also proportional to hardness, but 
the ratio is somewhat larger 


Conclusions 


A commercially feasible method 
of casting titanium ingots up to 650 
lb. has been developed. Such ingots 
are homogeneous and contain as the 
primary impurity about 0.4 to 0.8% 
carbon. Complex alloys have been 
prepared without any apparent 
segregation 
The structure of titanium ingots 
ei : wr “—- _ is sensitive to pouring temperature 
hig. 6 Carbides in Titanium Containing 0.8% Carbon. 250 > aa : 
and rate of solidification. Porosity 
which occurs in some ingots is 
Similar results are obtained with more complex apparently eliminated by welding during forging 
alloys. The as-cast and forged structures of a 3° As-cast titanium shows appreciable ductility 
Al, 5% Cr, 0.5% C alloy are shown in Fig. 7. Again Conversion curves relating various hardness 


dendritic carbides are well broken up on forging scales for titanium have been prepared Se 
The dark-etching constituent, which 


is acicular alpha phase, seems to be . 

concentrated around the carbide : Forged 
particles and grain boundaries, 

indicating that the beta-to-alpha 

transformation started at these 


regions as the forging cooled 


Hardness 


The hardness of titanium and 
its alloys can be applied in many 
cases aS a rough measure of 
strength and ductility. Since all of 
the conventional hardness scales 
are being used, several series of 
comparative measurements have 
been made relating the’ Brinell, 
Vickers, and Rockwell A and ¢ 
scales. These data, based on numet 
ous measurements on over 50 sam 
ples of forged and rolled material, 
are plotted in four drawings on data 
sheet on p. 720-B. Another graph 
at the center of the sheet shows the 


Fig. 7 Carbides in Titanium Alloy Containing 3% 
relation between tensile strength 


fluminum, 5°% Chromium, 0.5% Carbon. Den- 


and hardness for a series of rolled dritic carbides are well broken up on forging. 250% 
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NISILOY 


A POWERFUL, POSITIVE INOCULANT 


Cuts Final Cost of Gray Iron Castings 


by improving 


MACHINABILITY, GRAIN STRUCTURE, UNIFORMITY 





BENEFITS TO FOUNDRYMEN ese, 
BENEFITS TO CASTING USERS 
Reduces Rejects 


: E . 

st iron, Nisiloy helps your foundry meet daily xcellent Machi 
Ca ’ ad 

uniform lots of machinable gray chinable struct 

chining time 


Jsed for structure control of 
ning Qualities T},,. in 


ure secured with Nisilo 
tool Wear rejects 
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and < osts 
Promotes Sound Castings Diffusing rapidly euenend yaar Resistance —_ 
Nisiloy promotes a dense tribution of finely divided 
““complished with Nisiloy 


resistance 


schedules for 


iron castings 


formation and dis 
random flake 


assures highly 





throughout the melt and din 
close-grained product. nod wi _sraphi 
Curbs Breakage Even where section thickness ar 

varies sharply, Nisiloy serves to eliminate chilled ™Pproved Toughness on 


chilled areas 


Chinable jy 


acts to e] mMinate hard 
Casting is thoroughly 
luck Sections alike, 


edges and surfaces, thus affording a tougher cast thus, the 
a 


; ay 
iron that resists breakage in shop handling 


1 thin and t¢} 


Sensitive and less 


to Dre ik ig . 
y Y elements eeeake In mac hining pe 
No Scrap Problem Containing only eler £€neral service "& Operations and 


that dissolve freely in iron, Nisiloy permits 


— ; De 
remelting sprues and gates in any successive Pendable Pressure-Tightness The 


le zene 
melt without risk of adding chill-forming el £eneous structure attained 
Nisiloy results in de 


Stantially 


sound homo 

by ince ulating With 
al ens nSe Cast iron that Provides suh 
Fewer Base Mixtures Often a single base mix wires ee 


1 
ture may be used in the cupola to which Nisiloy 
ladle, with the consequent 


is added in the 
ff thin or thick sectioned 





flexibility of pouring 
castings as desired 


cel-silicon 
For full information about this nickel-sil« 


ve red ‘ 

alloy, one of the most useful products ever offere hiswikieestichsesnitaaca a _ ee 
ing m inability and structure of gray 

for improving machinability The International Nickel ( ompeny, In 
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Hardness Conversions for Titanium 
and the Relation Between Hardness and Tensile Strength 


Compiled by J. B. Sutton, k. A. Gee and W. B. DeLong 
EF. 1. duPont de Nemours & Co., Ine. 
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3000- Kg. Load) 


Hardness No ( 


ne’ 


‘ - - - - + . -_ -~ —i - - - - + + + ~ + 
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Tests show New Queneh Oil 
has Intensified Triple Action 





\ new accelerated quenchit g oil has been developed Chemical Co., the Park Triple A Quench Ol, a blend of 


fives (1) rapid heat removal with faster cooling specially refined mineral oils, cools steel faster in the upper 


rate in the hardening range, this results in higher and deeper 


that 


temperature range by shortening the duration of vapor stage 


hardness 2) slow cooling below the hardening range, thus A) and intensifying the action of boiling stage (B). Heat 


minimizing distortion ) greater stability due to special removal in stage (C) is slow and uniform. Thus, the best sur 


inti-oxidants, for longer life and bright quenching properties face hardness and depth of hardness penetration are achieved 


' with no danger of cracking or distortion 
To better illustrate the manner in which this triple action =e 6 


quenching oil accomplishes this higher quenching efficiency, it Extremely stable, this new accelerated quenching oil may 


will be well to show the three stages of cooling as observed be used as a quench from any heat treating medium without 
! 


when steel is quenched in oil from a red heat. These stages are fear of rancidity, oil breakdown, or change in quenching effi 


ciency. Further, Park Triple A Oil is especially suitable for 


4. Formation a vapor film at the steel surface; cooling is 
obtaining the maximum uniform oil-quenched hardenability 


accomplhis ed conduction and radiation through this 
from low and medium alloy steels 
vapor film and is relatively slow / 
Results of the improvement are shown in chart below 


B. Direct contact of the oil with the metal surfaces, causing ; i ' bec r 

sho y actus re SSCS ad on as “uf 
a boiling action which continually dissipates the vapor film IOWING actual Aarinesses i quenched piece ere is a | , 
surface hardness increase with Park Triple A Oil over a good 


formed and results in rapid cooling 
grade of straight mineral oil. The effeet would be greater when 
After the metal has been cooled to the boiling pomt of oil comparing it with some of the poorer grades of oil used for 


er formed; cooling is by conduction and quenching. Center hardnesses of the one-inch diameter piece 


d the metal slowly cools to the temperature are up 14% Lighter sections would show even more increases 


, a Stabili 
nt that any improvement in the cooling power of Bright Quenching and Stability 


B would be most desirable. This can be A very crucial and costly problem in the carbo-nitriding 


compared te rine quench which is used instead of water process has been the cleanliness of work after oil quenching 
Brine has a wetting action that completes the quench faster Oils which deteriorate rapidly or were originally unsuitabl 
h “takes hold” only in spots, causing leave a sooty carbonaceous film on the surface of the work 
Salt brine solutions provide deeper and more Phis presents a difficult cleaning problem when followed by 
This results in deeper and more even a plating or welding operation 

s logical to attempt to do this same thing This difficulty, when not the fault of the furnace atmos 


eral intensifiers added to this Triple A phere, can be corrected by the use of Park Triple A Quencl 
in this manner Oil 


Practical Application of Quench Curves Through the use of anti-oxidant additives and mineral 

to Hardening Steel intensifier it has been possible to prolong the bright quench 

of oils so as to effect this desired change ing properties of good clean oil, Underwood Oxidation experi 

s has been attempted in the past ments have proven Park Triple A Quench Oj to have 
th animal oils, but the product was exceptional stability and long life 

to decompose on contact with hot A Bulletin, #F8, was prepared on Park's Triple A 


ilso unsatisfactory as quenching Quench Oil, It 
n certam types of salt baths 


gives you a complete description of this oil 


with cooling curves, production data and photographs. Write 


esearch Laboratory of the Park Park Chemical Co., 8074 Military Ave., Detroit 4, Mich 
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NEW! 


Bausch & Lomb 
alohol METALLOGRAPH 


ALL NEW DESIGN! NEW SPEED and CONVENIENCE! 
Plus the 


NEW MAGNA-VIEWER! 





, 

Ye asked for this instrument! You helped specify its new 
convenience features. Exclusive features like these: Straight- 
Line Observation—Magna-Viewer, stage, microscope and 
eyepiece are all in one line, for easy direct observation; 
Centralized Controls—ALL controls are within easy sight 
and reach of seated operator; New Fine Adjustment Mechan- 
ism — Graduated knob measures travel . . . smooth, back- 
lash-free motion; Improved Heaty-Duty Mechanical Stage built 
on ball bearing rotatable support. Elevating Device (patent 
applied for) eliminates coarse adjustment — permits quick 
inter-change of objectives, retaining focus! Visual Illumina- 
tor is built-in. Improved Filter System and Heat Absorbing 
System—Swing-out filter holders ... New heat-absorbing 
glass replaces the water cell; Solid Cast Optical Bed—Pro- 


vides sturdy, shock-absorbing support for camera, micro- 
scope and light source with greatly increased image sta- 
bility. PLUS the New Magna-Viewer—Projects bright, 
magnified screen images; ideal for prolonged observation, 
such as grain-size work and dirt counts . 
fatigue, results in better, faster work. 

This is it... the metallograph which gives you the econ- 
omy ot limited capacity instruments with many performance 
advantages of the highest-priced metallographs . . . at an 
initial cost in the medium range. This is the instrument you 
want for a// general metallography. 


e 
VME ‘ox complete information to Bausch & Lomb 


Optical Co., 648-W St. Paul St., Rochester 2, N. Y 


eliminates 


WY Bausch & Lomb 24/07 METALLOGRAPH 
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In the Campbell Memorial Lecture, Mr. Smith vivaciously draws a parallel between the impedi- 


ments that all but discouraged such early ironmakers as Dud Dudley and the regulatory measures 


in today’s socialistic and welfare states. 


cient machine, he then discusses several methods for improvement. 


icknowledging that the blast furnace is not an effi- 


Metal Progress is able 


to use only about 15° of the entire text, which will be published complete in @ Transactions. 





iron Smelting Problems 





I] MAKE A DIRECT REQUEST, as a friend of the 
blast furnace men, that we get acquainted 
with at least some of their problems, which are by 
no means limited to technical difficulties. In con- 
sidering some aspects of the modern problem in 
the background of medieval times, we find that 
Biringuecio in 1540 wrote chapters on iron smelt- 
ing which are better records of his day than exist 
to describe our early American furnaces. With 
but slight modification the chapter on iron ore 
could describe today’s situation. The business is 
bigger but the problems have not changed 
Our own records are far from complete. It 
may be that present-day operators of blast furnaces 
only carry on an age-old tradition that iron is 
important, skill paramount, and records incidental 


Table I Commercial Iron Ore Reserves 


in U.S. (1950) 





REGION AVERAGE GRADE Gross Tons 


Northeastern 60% Fe 
Southeastern 35° 
Lake Superior 51.5° 
Western 50 


1,600,000,000 
1.100.000.0000 
1,600,000 000 

800,000,000 











In any process which depends upon the skill of the 
operator and where the moves are carried out on 
a trial basis, the record is always of secondary 
interest. There remains the fact that our science 
has not provided the blast furnace man with a 
road map 
Iron Ore — The byproduct coke oven, the 
Mesabi ore discovery, the use of basic openhearth 


steelmaking, and the Duquesne blast furnace com- 


bined to increase the steelmaking capacity. Steel 
plants were built near consuming markets without 
regard to adequate transportation of ore and coal, 
and now, in less than two generations, we find the 
blast furnace man wondering what ore he will be 
using next season 

It is impossible for me to agree that we are 
nearing the end of blast furnace ore in North 
See Tables | and Hl, from data of U.S 
Geological Survey.) The lowest iron content ore 


America 


that I have observed in commercial blast furnace 
was used at Scunthorpe, England, during 1942. The 
actual local ore with 16% iron was combined with 
comparatively rich Corby ore which had 29° iron 
These excellent furnaces with outstanding perform- 
ance records are leading the way in carbon lining 
for big furnaces. If this country ever gets humble 
enough to quit erying and go to work we need not 
use any 16 iron content for several hundreds of 
vears. The coke blast furnace is a flexible tool in 
industry. It is effective not necessarily efficient 
What it can actually use has never been clearly 
established 

Linings Blast furnace firebricks, the result 
ant of some hundred years of trial and error, 
represent the blending of different clays. The usual 
combination consists of a clay with good refractory 
properties and indifferent bonding qualities mixed 
with another clay that may have mediocre refrac 
tory properties but excellent bonding ability. The 





By Earle C. Smith 
Chief Metallurgist 
Republic Steel Corp., Cleveland 
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Table Il — Active Foreign Iron Ore Interests 


There have been several quite seri 





APPROXIMATE 
RESERVES 


COUNTRY (HADI 


Chile 105,000,000 Bethlehem 
15.000 000} 

Liberia Republic 

110.000 O00) 


Venezuela 
Cerro Bolivar 


High 1 


El Pao we 60,000,000 


000,000,000 4 U.S. Steel 

Bethlehem 

Canada 
Labrador 
Steep How kh 


Michipicoten 


100,000,000 Iron Ore Co 
280 000 000 U.S 


30° 100,000,000 





INTERESTED 
COMPANY 


of Canada 
and Inland 
Jones & Laughlin 


the 


failures 


ous failures with carbon hearths in 


United States and some of these 


have not been adequately explained 


Personal observations indicate no prob 


lems impossible of solution. The work 


ing face of carbon-lined hearths has 


given little trouble Saw cutting marks 


been observed on carbon blocks 
hearth after 
thousands of tons of 
the 


notch clay and resultant steam destruction 


have 


in a making hundreds of 


iron rrouble has 


occurred at iron notch area; wet 








Whole business, the exact particle size of each clay, 
the the 


burning, inspection, and shipping, is a mixture of 


amount of ingredients, molding, drying, 
art, science, skill and commerce 
Since 


im service 


a blast furnace hearth is expected to be 


any yVears, special masons, moving 


the The 
uses the best judgment and skill 


from company to company, lay brick 
furnace operator 
available in blowing in the furnace. In spite of 
all known precautions we have significant varia- 
the different 


from the same brick company, with everything as 


tions in same furnace with linings 


nearly identical as customary testing could deter- 
recent 
Another 


hearth so 


TL In years a lining in a furnace lasted 
one week 
still 
manider 
blast 


aspects He 


furnace, after a full campaign, 


had a nearly perfect that the sala- 
100 That is the 
problem in its nasty 
2 O00 000 


hearth 


iron was less than tons 


furnace man’s major 
is expected to get at least 
tons of tron oof 
The 
turely 
that 


permitted 


more production from a 
that tailed 


Upon eXamination 


brick prema 
showed 
internal fissuring in the brick 
Won lo the 
Molten 

bond 


which 


penetrate 
fissures iron os nol 
for the flint « 
mike up thre rt il 


Such 


very sturdy 
particles 
body of the briek fathures 
although very rare 


the 


explain tn part 


why blast) furnace 


their 
hearths and the reason behind the 


European 
men risked carbon blocks in 
present carbon 
nited States The 


proc ess 


experiment with 
hearths in the I 
bessemet 


Thomas basi 


of Europe 
2 in phosphorus, that is more 
Nuid the 
rons Wwe tise in 


Hearth 


problem in 


requires an iron, high 


than lower phosphorus 


American steel 
making breakouts 
blast 


naces making such fluid iron 


were 
more ot a fur 


hig. | 


are the probable explanation 
the 


has been explained by oxidation from steam as a 


Damage to 
blocks away from the working face 
probable cause, along with oxidation due to air 
While we 
shell, and attempt to prevent access of air to 
hot are 
water near the hearth 
The 
proper 


infiltration provide a tight brick outer 
the 


carbon, we leaking 


more concerned about 

hearth have 
After the probable 
supply for future ironmaking in the United States 
one can anticipate less alumina for the slag systems 
In at 


the lack of alumina 


carbon the 


ore 


may arrived at 


time studying 


involved least two 


recent hearth breakouts 
(9 to 10% ALO 
the furnace to slag the lining to satisfy the need 


for 


slags) caused 


alumina. As in many other industrial moves, 


the accessory protection of the non-slagging carbon 


block may well be more important than the pri 
the 
turboblower 
{ , he 
min. at 


mary installation 


blast furnace 
100,000 cu ft. of 
Normal 
operation requires a blast that 
the 


pressure drop through 


saving visioned at time of 


A modern for a 


may be said able to deliver 


air per 30 to 35-psi. pressure 


exceeds approximate 18 
the 
force the 

thre 


psi 


stack by enough to 


gas out of the turnacs igh 


Blast Furnace Alterations for Pressure Operation 
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the cleaning and into the gas 
system Pressure at the top ol 
the furnace is about 2 psi; 
furnaces that are being pushed 
rarely exceed 4 psi. at the top 
There are many operating rea- 
sons why this pressure has not 
been exceeded, but the most 


important is exeessive dust loss 


Pressure Operation 


High-pressure operation of 


blast furnaces was developed 


under the invention of Julian 
Avery In 1938 Avery, then 
with A. D. Little Co., suggested 
that pressure operation at one 
or two atmospheres above nor- H 


the outflow of gas His inven exploring the 


, 
tion concerned the automatic house in New Castle, Pa 


Yhio ‘ 
throttle valve at the outlet (see Ohio Stet 


Fig. 1 As no furnace was with Republi 


equipped to carry such pressure, predecessors 


the demonstration awaited the vears in operating 


war with its shortage of iron since 1932 as 
which justified the trial 

The Defense Plant Corp 
furnace, adjacent to the Cleve- 
land plant of Republic Steel 
Corp., was operated by our blast 
furnace group under J. H. Slater, whose untimely 
death before this development was fairly started 
deprived the industry of one of this generation's 
most capable men The general foreman of this 
furnace, Walter Montgomery, has been with this 
operation since the start 

Cost calculations indicated that the furnace 
could be pushed with Lake ore until the dust loss 
exceeded 350 Ib. of dust per net ton of iron. Such 
an operation did not require any change tin the 
structure Top pressure operation required turbo 


blowers in series and regulator valves in the gas 
main behind the washer 

Although such early operation under the obset 
vation of War Metallurgy Committee indicated an 
excellent normal operating stack, pressure opera 
tions brought on a series of problems. Numerous 
gas leaks caused damage by grit blasting Gas 
washer seals were inadequate. The new pressure 
regulating device was not well understood. When 
the furnace was finally able to operate, it was found 
that dust loss was very small also that the fur 
nace could handle the additional wind without get 
ting rough in operation 


Joe Slater and Walter Montgomery, who had 


PERSONAL INTEREST in blast 


furnaces, he says. started 50 
mal be achieved by controlling vears ago when I burned a bare foot 


mysteries of a cast 


University and by 
I S. Army Ordnance, he has been 


Steel Corp. or its 


the corporation, wherein he exercises 
iis almost encyclopedic knowledge 
all phases of steelmaking, plain 


pushed the furnace during nor- 
mal operating experiments to 
establish an upper limit of wind 
regardless of dust, were satisfied 
that less than 90,000 cu.ft. pet 
min. of wind could be used with 
straight Lake ore burden. M1 

Slater's most important criterion 
of test was simple: “Would the 
furnace settle down and drive 
smoothly when higher wind and 
top pressure were tried?” Blast 
furnace men are by nature de 

Before Slater 


died, he and Montgomery had 


termined people 


blown 110,000 cu.ft. of wind pet 


Karle Clement Smith min, with Il-psi. top pressure 


and had a smooth furnace on 
straight Lake ore 
rhe first lining finished its 
usefulness early in October 1950, 
Educated and finally the first chapter of 
its history can be written. We 
kno.’ we can operate for normal 
1919. for 13 Republic Steel 
positions and Corp. will provide additional 
metallurgist of 


periods of time 


furnaces as we can afford the 
equipment cost 

We have behind us the actual 
We have 


before us many problems, such 


operating experience 


as better methods of stopping 
Ras leaks erit blasting Bell and hopper weurt 
have been brought under control by equalizing the 
pressure between the bells with cleaned gas. Lining 
erosion, always a problem even in a normal fur 
nace, does not seem to be any different in pressure 
operation 
We have not vet had an opportunity to study 
some rather interesting problems such as optimum 
size of limestone, coke, charging sequence, proper 
top temperature, blast heat for various burdens, 
the proper type of sinter and even the transporta 
tion problems that arise with increased production 
We have not « xplored the higher top pressures 
that is, above 12 psi because of limitations 
of turnace construction One instance of faulty 
welding in a dust catcher top showed up as we 
increased the pressure We will have to feel our 
way into new methods as we equip more furnaces 


and develop structures to handle the higher stresses 


Gas Studies 


Studies and calculations concerning blast fur 
nace gas have gone hand in hand with furnace 


development. Sampling has been an outstanding 
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problem; analysis of the gas is not particularly 
difficult; interpretation of results is as variable as 
the schools of furnace operators. The Bureau of 
Mines’ studies of some years ago furnished a mass 
of well-handled measurements 


Interpretation of 
these data is still a matter of personal opinion. 


The present interest in gas study is important 
because of the relative increase in coke cost and 
operating expense. (Ore and transportation costs 
have also gone up but not in the same proportion 
as coke cost.) 

Efforts to correlate the known variables for 

which data are obtained fall far short of the need 
since they do not include the reducibility of the 
iron ore. It has been known for hundreds of years 
that limonites, hematites and siderites reduce with 
less trouble than magnetite. In Biringuecio’s time 
the magnetites were not considered “ore” in that 
area, even though the Swedish furnaces had solved 
the problem of reduction of magnetite many years 
earlier. Dense hematite ores were known to be 
difficult to reduce unless crushed to small particle 
size. Reduction studies to arrive at some measure 
of reducibility have been made in many laborato- 
ries. There have been many full-size furnace runs 
which give gross figures. All these tests are useful 
to the furnace operator but none permits him to 
burden his furnace except on an empirical basis. 
In his presentation Mr. Smith had many slides 
showing the different characteristics of the iron 
oxide in many commercial ores, and the different 
grain sizes and methods of agglomeration in vari- 
ous pellets and sinters 

In our studies in Cleveland it has been deter- 
mined that several hours elapse between significant 
changes of top gas chemistry and the correspond- 
ing changes of analysis of the iron, despite the 
fact that the British experiments with radon tracers 
indicate but a few seconds travel time for gas 

Furnace performance changes slowly Five 
hours after the gas warning, the iron from the 
furnace at Cleveland gives confirmation. During 
that period we can make changes in the operation 
such as higher blast heat, change of burden. The 
dramatic way that a water leak of consequence 
shows, permits repair to be undertaken in minutes 
The major burden changes still require hours 
Extra coke at the top is seven hours ahead of 
significant gas changes. Wind rate changes show 
very quickly because of altered CO/CO, ratio. The 
combination of this work and Walter Montgom- 
ery’s utilization of the information has produced 
much more uniform analysis iron. Our best test 
period was one in which he predicted correctly his 
cast conditions over 80 of the time and his 
operating changes hours in advance, thus resulting 


in many more casts of tron of desired chemistry 


Blast Furnace Comment 


In a letter about a year ago from a man who 
does not think the big blast furnace is anything 
to be worshipped, he says: 

“The blast furnace is not efficient, and under 
existing circumstances can scarcely be a money 
maker, provided the bookkeeping is honest. It has 
but one virtue — size. It is an affliction sent on 
the industry for reasons not yet understood.” 

With the comment that the blast furnace is 
not efficient I can agree but the critic forgets that 
every day we are willing to give ground technically 
for effective economic performance. What the 
writer missed and what the public seems to miss, 
No work- 
ing unit in any metal industry can match the blast 
furnace in tons of useful product per unit of time 
Talk of substitution is a waste of breath. Studies 
concerning replacement of iron with other sub- 


in my opinion, is this very evident fact 


stances within the span of our lives is a waste of 
time and substance 

What we need, rather, in this country is to 
provide the transportation facilities to move the 
ore we know is available. We need some reason- 
able assurance that coal will be mined to provide 
the required coke. (The nearly 30,000,000 tons of 
steel lost during strike periods in the last five years 
has been a more important cause of deficit than 
lack of expansion.) We need the communities, 
now thriving because of steel plants, to recognize 
that the coke oven and blast furnace are industry's 
economic guarantee of their future 

A tax system that does not provide for replace- 
ment of worn-out equipment could wreck our 
plants as effectively as bombing. A tax system 
that works against the development of iron ore 
reserves has our key munitions industry always 
in doubt as to what the real ore situation will be 
in times of stress 

To the people of this audience it is my earnest 
plea that the real story be told. We are all in this 
boat together, and while the blast furnace crew 
may be only the “black gang” on this boat, they 
too are important 

lo my friends among blast furnace men I wish 
to convey my humble appreciation for the hours 
they have spent to open my eyes to their problems 
lo my present associates, the operating group of 
To Joe Slater, 
Frank Janacek, now gone, Walter Montgomery, 
Robert Liggett. Don Babcock, Walter Carroll, John 
Hazel, M. Fedock and others, | acknowledge my 
debt. The A. D. Little Co. men under the direction 
of Bruce Old who have lived with us are also a 


part of the group 6 


Republic Steel, | wish to give credit 
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4 new technique for microscopic observation is described. 


Conventional metallo- 


graphic microscopes may be converted to “phase microscopes” by the addition of an 
annular stop in the illuminating system and a phase disk in the image of the stop. 





Phase Contrast Metallography 





THE GREATER the variety of conditions under 
cm which a metallographic specimen can_ be 
observed, the more information can be gained 
concerning it. The metallurgical microscope has 
been developed over the years until it has become 
a complex and versatile instrument. The more 
elaborate microscopes are equipped so that the 
operator may conveniently control various tech- 
niques of illumination and thus gain as much 
information as possible about the characteristics 
of the specimen. Up to the present time there 
have been three principal observation techniques 
offered: bright field, dark field, and polarized light 
This article will describe an accessory which adds 
another technique, that of phase contrast observa 
tion, to current metallographic microscopes 

It is undoubtedly true that by far the greater 
part of the work done with the metallurgical 
microscope has been with central axial bright field 
illumination with full or slightly reduced aperture 
Under such conditions, a properly polished and 
etched specimen ts seen as being composed ot 
erystals or grains. The grain boundaries generally 
appear as dark lines and the individual grains 
are lighter or darker than their neighbors accord 
ing to their absorbing and scattering character 
istics. Variations of bright field illumination that 
are of value for securing a relief impression of the 
specimen surface are obtained by the use of coni- 
eal or hall-aperture illumination or by using a 
decentered aperture diaphragm. 

Dark field illumination produces images of 
high contrast and high resolving power This 
technique is useful in studying surtace conditions, 
as minute seratches and pits are made quite evi 
dent. It is also of value, although somewhat lim 
ited, in the identification of inclusions in steel 

Polarized light microscopy is finding wide 
favor as an aid in the identification of the constit- 


by) 


References are on Pp 


uents of alloys, in revealing the structural phases 
in steel, and in the investigation of grain size. 
Measuring accessories for use with polarized 
light':* permit quantitative measurement of the 
ellipticity and rotation of the polarization produced 
by the object. Also, very weak anisotropy is made 
visible with these devices. 

In addition to bright field, dark field, and 
polarized light, we have recently developed an 
accessory permitting phase contrast observations 
to be made on current models of metallographic 
microscopes. Since the demonstration of this 
accessory at the Metal Show in October 1949, there 
has been considerable interest shown in the possi- 
bilities of phase contrast in metallography, and 
a technical description of it and what it can be 
expected to accomplish would seem timely 

rhe principles of phase contrast microscopy 
were first applied to the biological microscope in 
order to render visible, without staining, objects 
which are highly transparent It is bevond the 
purpose and scope of this paper to go into the 
basic theory of the phase contrast microscope, a 
subject which has been adequately covered else 
where.** It will suffice here to say that if an 
opaque spec imen h ss elevated or depre ssed weus 
in its surface, normal methods of observation will 
show no more than the boundaries separating 
these areas, whereas the phase method of observa 
tion will render different heights visible as differ 
ent shades of gray 

\ normal bright field microscope is converted 


to a phase microscope by two additions 





By R. L. Seidenberg and J. R. Benford 
Scientific Bureau 
Bausch & Lomb Optical Co 
Rochester. \ ) 


November. 1950: Page 





1, The 
hollow cone of light by simply inserting a trans 


illuminating beam is restricted to 


parent annulus in the illuminating system 


2. A phase-retarding annulus is located in the 


image of the transparent annulus after the light has 
been diffracted by the specimen 
This diffraction by the specimen is of a differ- 
ent nature than ordinary diffraction. Ordinary 
diffraction is caused by varying degrees of bright- 
ness in the specimen, whereas the diffraction 
which we are concerned with is caused by varying 
degrees of phase in the specimen. In transmitted 


light the varying degrees of phase may originate 


PHASE 
OBSERVATION 
SYSTEM 


REGULAR 
OBSERVATION 
SYSTEM 


fig. 1 Phase 
I ttac hed toa ¢ urrent- Vodel Vic roscope 


Contrast lecessortes 


from varving refractive index or varving thickness. 
In reflected light these differences in phase mays 
come from varying surface elevation or varying 
specimen composition 

In the biological phase contrast microscope, 
the transparent annulus and the phase-retarding 
annulus, mentioned above, are located in the front 
focal pline of the condenser and the rear focal 
plane of the objective respec tively It would seem, 
at first glance, that there would be no problem in 
adapting such a system to the microscope employ 
illumination There are, 


ing vertical incident 


however, two serious complications which arise 
When a phase-retarding annulus is incorporated 
into a metallographic objective The phase pat 
tern is, in practice, made of two evaporated films 
One film serves to retard in phase all light rays 
passing through it. The other film is an absorbing 
material and acts to reduce the intensity of the 
rays Which are speculacly reflected from the speci 
men With vertical illumination this absorbing 


material reflects a substantial portion of the inei 


dent light directly back to the eyepiece, casting a 
haze over the image. Secondly, the light has to 
pass through this absorbing material twice, result- 
ing in a very large loss of light 

One solution of the foregoing difficulties is to 
locate the phase-altering annulus on the eyepiece 
«side of the vertical illuminator.”.® In this location 
only the image-forming rays pass through it and 
no harmful reflections or light losses are produced 
Such an 


mechanical problems and would very likely mean 


adaptation, however, poses serious 
that the purchase of a new microscope would be 
required of the metallurgist 

The phase contrast system which is about 
to be described was designed for the purpose 
of providing an accessory unit for any of 
three current model inverted metallographic 
microscopes. Figure 1 shows the accessory 
in place on one of these microscopes. The 
unique feature of the system is that no spe- 
cial objectives or objective-illuminator units 
are required; all of the standard metallo 
graphic objectives as ordinarily used on 
these microscopes may be used. This is 


made possible by locating the phase annulus 











in an image of the objective aperture rather 
than in the aperture itself. To accomplish 
this a special lens system (C in Fig. 2) was 
designed to go in the position normally 
occupied by the camera eyepiece. This lens 
system performs the function of the camera 
evepiece, but in addition is so designed as 
to form a well-defined image of the objective 
aperture, a condition which the normal cam- 

era evepiece does not meet 
Figure 2 shows schematically the optical sys- 
tem of the phase unit in combination with the 
microscope As is customary when employing 
Kohler itlumination, the light source is imaged by 
a lamp condenser (not shown) at A, the plane of 
the aperture diaphragm An annular stop, as 
indicated, is located at A The condenser lens B 
images this stop at A’, the rear focal plane of the 
objective The objective forms an image of A’ at 
infinity and, after reflection by the specimen, the 
annular stop image is re-imaged upon itself at A’ 
The spec tal projection lens system © images 1’ al 
1” and at this point the phase-altering annulus is 
located 


part of the light to pass on out to the camera and 


\ beam-splitting cube allows the greater 
directs the remaining light to the phase visual 
observation svstem 


Lens D converges the light and brings it to a 


focus for use with any standard eyepiece, / Phe 


light ravs drawn with a solid line are representa 
tive of the direct 
specularly reflected by the 


illuminating ravs which are 


specimen; the dotted 
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rays represent light which is 
“phase diffracted” by the speci- Fig. 2 
men structure, hence is out of 
phase with the direct or un- 
diffracted light energy It will 
be seen that at A” the direct 
rays pass through the phase- 
altering region of the phase 
pattern while the diffracted 
rays pass through the clear 
glass portion of the phase disk 
It is at this point that the 
diffracted rays are effectively 
retarded in phase by one quar- 
ter of a wave length of green 
light. The final phase image is formed as 
a result of interference between the direct 
and diffracted rays 
The switch-over from phase contrast 
to normal bright field is accomplished by 
simply inserting the reflecting prism for 
the normal visual tube of the microscope, 
and removing the annular stop from the 
illumination system. If the annular stop 
is left in place, observation will be under bright 
field conical illumination. For preliminary sur- 
vey work the stop can generally be left in place, 
and the observer can quickly convert back and 
forth between phase and conical observation to 
determine whether phase contrast is adding to his 
knowledge of the specimen structure. 
Photomicrography is carried out in the usual 
manner with the exception that once the light is 
directed for phase contrast use, no further redirec- 
tion of the light is necessary for photography. A 
light-tight adapter is integral with the housing of 
the phase contrast unit. The manner in which to 
interpret properly the phase contrast image of an 
opaque specimen is rather complex. The pure 
phase contrast effects result from (a) irregulari- 
ties in the surface level of the specimen, brought 
about by the polishing method or by the preferen- 
tial attack of the etchant and (b) differences in the 
phase shift on reflection from the different constit- 


uents of the specimen. ‘To these must be added 
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Fig. 3 


Comparison Micrographs. Bright field (left and phase contrast (right 


Pearlite at top, stainless steel at center, monel metal at bottom 
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than depressions. Such a 
method, however, would 
preclude the possibility of 
identifying constituents 
that would otherwise be 
recognizable. 


Comparison 


Micrographs 


Figure 3 shows com- 
parison micrographs 
taken in bright field and 
phase contrast. Each 
bright field picture was 
taken using central axial 
illumination at approxi- 
mately 2. aperture. The 
pearlite lamellae and the 
carbide particles in the 
pearlitic and stainless 
steels, respectively, appear 
as a light shade of gray 
in the phase contrast 
pictures, indicating that 
these constituents are ele- 
vated above the general 
surface level of the rest 
of the specimen 

The phase contrast 
image of the monel sam- 
ple provides excellent con- 
trast between the various 
erystals in comparison 
with the bright field im- 
age, and adds information 
about the relative sur 
face levels of adjoining 
crystals As one passes 
a depression - elevation 
boundary, the light shades 
off in the depressed side 
and brightens up in the 
elevated side 

As more metallog- 
raphers adopt the use of 
the phase contrast meth- 
od, many interesting and 
valuable applications will 
undoubtedly be disclosed 
A new and relatively un- 
explored field of research 
is offered to the metallur- 
gist, and from this re- 
search may be expected 
further contributions to 
metal science (— ] 





Difficulties now existing in the foundry production of nodular iron (malle- 
able, as-cast), due to necessary close control of inoculant and variation of 
properties with section size, may be removed by metallurgical improve- 
ments, such as desulphurization in basic cupolas by calcium carbide flux. 





Nodular Iron: Theory and 


Practice 





\ CONFERENCE in mid-September, arranged 
& by Howard F. Taylor of the department of 
metallurgy, Massachusetts Institute of Technology, 
attracted an international group of metallurgists 
and foundrymen who have been most concerned 
with the nurturing of this lusty infant of the 
foundry metals. It is only logical and proper that 
the scientific fundamentals be considered as the 
first item on the agenda, and consequently Alfred 
Boyles of the United States Pipe & Foundry Co 
opened with a discussion of the mechanism of 
formation of flake graphite in ordinary cast iron, 
using the arguments set forth in his book on “The 
Structure of Cast Iron”, published by the @. Very, 
very briefly, the situation is this: 

In a normal hypo-eutectic iron, austenite 
dendrites crystallize from the melt until the 
remaining liquid is of eutectic composition. Freez- 
ing of the eutectic then begins at crystallization 
centers independent of the previously solidified 
dendrites At these crystallization centers flake 
graphite and solid gamma iron form together 
Inoculation increases the number of eutectic crys 
tallization centers to give smaller cells and the 
normal Type A graphite. 

rhe opening salvo on the mechanism of for- 
mation of spherulitic graphite in cast iron was 
fired by H. Morrogh of the British Cast lron 
Research Association (whose 1948 papers first 
introduced nodular iron to most American metal- 
lurgists He pointed out that whereas graphite 
crystals consist of widely spaced hexagonal sheets, 
strongly anisotropic and with the basal plane of 
the bexagon parallel to the sheets, a graphite 
spherulite consists of an aggregate of crystallites 
radiating from a common nucleus, and the basal 
plane of each such crystallite is normal to the 


radius of the spherulite. (Perhaps it is an evi- 
dence of the present state of knowledge that even 
this last statement is somewhat controversial 
Some X-ray diffraction evidence was presented by 
Dr. Larsen of Dow Chemical Co. that graphite in 
spherulites may be rhombohedral with layers in 
ABC-ABC pattern instead of the usual hexagonal 
AB-AB pattern.) 

Methods of Treatment — Mr 
that graphite spherulites could be produced in nine 


Morrogh stated 


or ten different ways and that any theory as to the 
mechanism must find the common thread for all 
methods Among the methods of producing 
graphite spherulites are the following: In the solid 
phase by annealing white-heart malleable castings 
high in sulphur and low in manganese; in as-cast 
cobalt-carbon and nickel-carbon alloys by treat 
ment of the melt with either Ce, Ca, Mg, Zn, Cd, Bi 
or in low-sulphur melts simply by rapid cooling 
in hypereutectic irons by treatment with cerium 
in hypo-eutectic or hypereutectic irons by treat 
ment with magnesium. The two last methods are 
of some commercial importance and are patented 
Examples were also shown of good quality 
nodular graphite cast iron produced by treatment 
with calcium. Some spherulites were formed dur- 
ing freezing in a cast iron with very high sulphur, 
low manganese In tellurium-treated irons, 
spherulites are often found just behind the chill 
Bismuth was also found to be effective in causing 
some spherulites to form in cast iron during freez 
ing. In pure iron-carbon alloys, merely rapid cool 
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ing produced some spherulites. RK. A. Flinn of the 
American Brake Shoe Co. added the interesting 
information that nodular graphite had been pro- 
duced in thin castings by treating the molten 
metal with boron carbide, titanium carbide, and 
calcium carbide plus a magnesium salt. 

A comparison of the magnesium and cerium 
treatments led to the conclusion that there may 
be no fundamental difference except that more 
cerium may be required to produce a given effect 
because of its higher atomic weight. 

Theories for the formation of graphite spher- 
ulites involving nucleation and undercooling were 
discussed Morrogh inclines to the view that 
extraneous nuclei (other than graphite) are not 
required, and that the spots observed micro- 
scopically in the center of spherulites are optical 
effects caused by the plane of polishing coinciding 
exactly with the basal plane of a radial crystallite. 
This view is not universal. For example, Professor 
De Sy presented evidence (in Metal Progress for 
June 1950) gained with electron microscope that 
a nongraphitic nucleus does exist, and chemical 
evidence that it is a magnesium compound in a 
magnesium-treated iron. 

Furthermore, J. E. Rehder of the Bureau of 
Mines, Ottawa, Canada, described some studies on 
the nucleus. Evidence of both light and electron 
micrographs indicates that there is nuclear mate- 
rial other than graphite in the centers of the 
nodules. The nuclei appeared to be harder than 
the graphite composing the remainder of the 
nodule. Nodules from a magnesium-treated iron 
were separated by dissolving away the iron in 
weak acid and further separating other non- 
metallic inelusions by heavy liquid flotation 
Measurement of over 1000 nodules gave an average 
diameter of about 50 microns with a distribution 
of sizes between 10 and 90 microns. Several sam 
ples of separated nodules were burned to remove 
The MgO con- 
tent of several samples of the ash showed only 1 
to 4% There was 30 to 50 Fe.O, in the ash, 
some SiO., and 
of 30 to 40 No definite conclusions were drawn 
but Mr. Rehder indicated that nodules do form on 


the carbon and the ash analyzed 


surprisingly) TiO, in the ordet 


specific (presumably nongraphitic) nuclei 


Foundry Production and 


Commercial Applications 


Iwo schools of thought exist as to the com 
mercial importance of nodular iron one opti- 
mistic, the other much less so. Naturally enough, 
the optimistic view was taken by A. P. Gagnebin 
of International Nickel Co. in his discussion of 


“The Status of Ductile Iron in American Industry” 


He pointed out that ductile iron (or nodular 
graphite iron), produced by magnesium treatment, 
is not a single material but a family of materials 
in which the matrix may be ferritic, pearlitic, 
martensitic, or austenitic with properties vary- 
About 3500 


tons of these various irons were produced last year 


ing according to the matrix structure. 


and between 15,000 and 20,000 tons are expected 
to be produced this year. Properties obtainable 
in the various irons were reviewed and proposed 
specifications discussed Examples of present 
commercial uses include compressor bodies, cylin- 
ders and pistons, rolls, axle housings, anvil blocks, 
gears, crankshafts, and plowpoints. According to 
Mr. Gagnebin, the useful combination of properties 

the process advantages of cast iron with the 
product advantages of both iron and steel will 
eventually place ductile iron third in’ tonnage 
among ferrous metals, immediately behind rolled 
steel and gray cast iron and ahead of malleable 
iron and cast steel. Truly a bright future! 

A considerably less hopeful view was taken 
by Harold Bogart of Ford Motor Co. who reviewed 
the subject from the large-tonnage automotive 
foundryman’s standpoint. Extensive test data 
were shown for two basic irons, correlating the 
effect of section size and of varying magnesium 
contents on the mechanical properties of the cast- 
ings. Effects of heat treatments were also shown 
Mr. Bogart pointed out that optimum properties 
are obtained only within a narrow range of mag- 
nesium content around 0.04 to 0.05% a range 
which is exceedingly difficult to maintain in pro- 
duction. Properties of heavy section castings are 
considerably poorer, and increasing the magne- 
sium does not improve them. Other problems 
mentioned were the gating and feeding of castings 
to prevent shrinkage and the marked segregation 
sometimes encountered All in all, he felt that 
nodular iron may not become the widely used 
material of commerce that Mr. Gagnebin predicted 

Some, at least, of the present hurdles may be 
jumped by improvements in foundry metallurgy, 
either known at present or to be perfected in the 
future. For example, the efficiency of magnesium 
or cerium additions to produce nodular iron seems 
to be dependent primarily on the sulphur content 
of the base iron With low-sulphur iron the 
nodulizing alloy addition may be one third that 
required for an ordinary cupola iron The prob- 
lem is to get low-sulphur iron from the coke, pig 
iron and serap now available by some method that 
costs less than the inoculating reagent otherwise 
required. €. K. Donoho of American Cast Iron 
Pipe Co. called attention to the achievements of 
the basic lined cupola in this respect 


When the cupola is lined with magnesite 
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brick and a basic, reducing 
slag made with commercial 
calcium carbide as the flux 
material, remarkable desul- 
phurization can be accom- 
plished in the cupola. One 
heat cited averaged 0.009 

sulphur. Concomitant results 


of this basic practice are 
higher melting temperatures 
and increased carbon  pick- 
up. It was shown that high- 
quality, low-sulphur iron can 
be produced by the basic 
cupola practice from either 
100 cast scrap or 100 
steel scrap, and the over- 
all economics of the process 
seems to. be favorable for 
commercial production of 
nodular iron 

John Chipman of Massa- 
chusetts Institute of Technol- 
ogy ably outlined the physical 
chemistry of desulphurization 
The role of alumina in basic 
slags was clarified; although 
AIO, acts as an acid in basic 
slags it is not an oxidizing 
agent as SiO, may be, and 
consequently does not retard 
desulphurization as strongly 
as does Si 


with Ce, Mg, Li, Ca, Ba, Sr, 
Na, or Te The last two 
produced irons which were 
only partially nodular In 
discussing the mechanism of 
formation of graphite spher- 
ulites in cast iron, Prof 
De Sy showed some typical 
cooling curves through the 
freezing range for several 
nodular and flake graphite 
irons The nodular trons 
have a much less definite 
eutectic arrest than do the 
With 
regard to the question of 


flake graphite irons 


when nodules are born, he 
thinks the spherulites may 
form either in fully liquid 
metal or in fully solid metal, 
but never at the solid-liquid 
interface, where presumably 


flake graphite forms 


Summary 


Although called by almost 
as many different names as 
there are speakers on the 
subject, the production and 
properties of nodular trons 
are now generally unde 


stood 


It is apparent that at 


Experimental Cupola, Basic Lined, least ten different elements 


Genesis of the Nodules 


{merican Cast 


A very interesting inter 
change of views was had 
upon the genesis of the graphite spherulites, in 
the sense of the time during the solidification 
process in which they appear. Mr. Morrogh told 
of some quenching experiments on cerium-treated 
hypereutectic irons which indicate that graphite 
spherulites form in the liquid metal prior to the 
eutectic arrest. This is also evidenced by flotation 
of such nodules; they appear to be closer together 
in the upper parts of heavy sections. In hypo 
eutectic irons treated with magnesium the eutectic 
arrest is smoothed out but the evidence is not cleat 
as to whether the spherulites form in liquid or in 
solid metal 

In this connection Prof. Albert De Sv of the 
University of Ghent, Belgium, described current 
research on “spheroidal” graphite cast iron in his 
country Examples were given of cast iron con- 
taining graphite spherulites in the as-cast condi- 


tion, produced by treatment of the molten iron 


Capable of Producing 0.000% 


S Iron can be used to treat molten 


Iron Pipe Co iron to produce graphite 
spherulites in the solidified 
metal. Of these, one group 
is composed of strongly alkaline desulphurizers, 
such as magnesium, cerium, lithium and calcium 
In an entirely different group are such acid ele 
ments as sulphur, selenium, and tellurium rhe 
latter elements are most effective in low-manganese 
irons 

In hypereutectic iron there is ample evidence 
that graphite spherulites separate from the wholly 
liquid phase In hypo-eutectic irons the evidence 
is not vet clear Although all precipitation of a 
solid phase must be by a process of nucleation 
and growth, there is vet no precise and acceptable 
evidence that the microscopically visible nuclei in 
nodules at high magnifications consist of anything 
other than graphite 

The conflicting opinions as to the eventual 
commercial position of this new material relative 
to the older 


resolved only by time and experience 6 


ferrous foundry metals will be 
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Cathodic Vacuum Etching 


LONDON, ENGLAND 

Messrs. McCutcheon and Pahl, in their article 
in Metal Progress for November 1949 (p. 674), 
state that cathodic vacuum etching of metals 
should be of considerable interest to metallog- 
raphers. Thus a method which was divulged 25 
years ago ts at last put into extensive use. 

Their literature references note that W. Feit- 
knecht published the first article in Switzerland 
in 1924, and Cyril Stanley Smith another in 
England in 1927. This note is to reeord the fact 
that the present author contributed a memoir 
to the Polish Academy of Sciences in 1925 
Bulletin, 1925, Series A, p. 81 to 92) on “Cathodic 
Sputtering of Alloys” 


physics department of the University of Warsaw 


The work was done in the 
under Professor Pienkowski. Sputtered films and 
the structure on the surtace of the sputtered speci- 
nen were photographed; the latter gave a very 
delicate design, quite similar to that obtained by 
conventional etchants \ variety of alloys were 
studied ineluding solid solutions such as a Cu-Al, 
eutectic alloys such as Bi-Cd, and alloys with 
intermetallic compounds such as Sb-Zn It is 
clearly pointed out that the method can distinguish 
between the polished surfaces of pure metals (solid 
solutions ind highly dispersed heterogeneous 


structures 
Jozer Mazur 


Metallurgy Department 
Roval School of Mines 


Transfer of Replica From 
Metal to Electron Microscope 


BLawNox, Pa 
Metallographers usually depend on Scotch 
tape and a specimen screen to remove the Formvyatr 


replica from a metallic surface, prior to examining 


this replica under the electron microscope. As 
many will attest, this scheme leaves much to be 
desired; whenever the replica really sticks to the 
We have 
found that a much better scheme is as follows 


metal, the Scotch tape cannot remove it 


The specimen screen, prior to being placed 
against the surface of the Scotch tape, is first 
immersed in a very dilute solvent solution of 
resinous materials, plasticized so that upon drying 
a very tacky adhesive ensues. After immersing, 
the screen is removed from the adhesive solution 
and the center portion openings of the screen are 
blown free of the plastic material by an air stream 
from a micropipette. The air should be dry and 
of sufficient volume to evaporate the solvent of the 
mixture. The screen is then placed against the 
surface of the Scotch tape and the remaining pro- 
cedure carried out as usual. By this means the 
screen has been effectively coated with an adhesive 
film which does not affect its porosity and which 
effectively adheres to and helps remove the plastic 
replica and which remains stable within the elec- 
tron microscope under conditions of vacuum, heat 
and electron bombardment 
O’Brien, Jr 


Director of Research 


Harowp 


Royston Laboratories, Ine 


Galvanic Macro-Etch for High-Purity 
Aluminum 


CAMBRIDGE, MAss 
In a study of the reerystallization of high 

purity aluminum (Cu 0.002%, Fe 0.038%, Si 0.06 
Mn 0.001%, Mg <0.001 , a very simple macro 
etching technique was used to prepare the samples, 
which were polished before heat treatment with 
000 emery paper coated with paraffin. The recrys 
tallized aluminum bars were dipped for about 
three quarters of their length into a 15% solution 


of HCI and externally coupled with an 18-8 stain- 
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Recrystallized Aluminum Rods Etched by 


Galvanic Action. Enlarged 1.2 diameters 


less steel rod dipped into the same solution After 
a suitable time, the aluminum bars were removed, 
rinsed in water, rinsed in alcohol or acetone, and 
dried. This was then repeated after reversing the 
position of the bar to etch the unetched top portion 
In doing so the center of the bar was doubly 
attacked, but this is desirable since the portion 
is etched more slowly near the surface of the 
electrolyte 

The galvanic action due to coupling with a 
more noble electrode increases the etching rate 
and gives a better contrast to the final structure 
The galvanic action is stronger 
the larger the ratio of the ca- 
thodic (stainless steel) to anodic 
aluminum surtace net sed 
in the eleetrolyte 

The electrolyte concentration 
and other conditions are not al 
all critical. The acid concentra 
tion and the ratio of cathodic-to- 
anodic areas should be adjusted 
in order to obtain a good etch 
in about 5 min. If the rate of 
attack is too fast, the metallo 
graphic structure appears un 
even and sometimes stained. On 
the other hand if the rate of 
attack is approximately right, 
longer times of treatment do 
not give undesirable overetching 
within very broad limits of time. As a rule, the 
coarser the grain size, the milder the condition of 
attack should be 

This galvanic etching is also suitable for 
revealing the macrostructure of aluminum of 
higher purity. It was not satisfactory for annealed 
2S aluminum: whether this is due to the associated 
alloying elements in commercial aluminum or to 
the structure of our sample is unknown 

\ note on our method of making the large 


crystals may be of interest Several %,-in. rods 
as-received were machined to 0.30-in. diameter. 
The lower rod in the illustration (grain size 0.05 
to 1.3 mm.) was annealed 30 min. at 700 to 775° F 
The middle one (grain size 3.5 mm.) was annealed 
13 hr. at 1150°] stretched 3 to 4% and 
re-annealed 17 hr. at 1150° F 
crystal I's in. long 


The top one (mono- 
had the following history 
Anneal 30 min. at 1100 to 1150° F.: cool: bend 
I', in. from each end; straighten by hand; 
re-anneal at 1100 to 1150° F. overnight 

|. S. Seavi 

Research Assistant 
Metallurgy Department 
Mass. Institute of Technology 


Hallowe’en 


PHILADELPHIA, Pa 
When the frost is on the pumpkin, hob-goblins 
stalk the land. They even get into ball bearings! 
The light pattern in the large steel ball (made 
of S.A.E. 52100) is a low-carbon steel inclusion 
and the photograph is exactly as the ball appeared 
after hardness testing and then etching in hot 50' 
hydrochloric acid 
The low-carbon inclusion resulted from the 
steel plate, which is normally 
attached to the top of the ingot 
mold plug, breaking away and 
floating up into the molten steel 
This plate is used to prevent 
impingement of the molten steel 
directly on the plug, which 
might result in fragments of 
the plug getting into the steel 
After rolling and drawing into 
ball wire and pressing into 
balls, the plate took the form 
shown in the photograph of the 
round ball 
H. O. Wace 


Chief Metallurgist 
S.K.F. Industries, Ine 


Thermal Polishing and Etching 


LONDON, ENGLAND 
We are interested to read the letter from 
Glen W. Wensch (Metal Progress, April 1950, p 
188) describing phenomena observed on the sur- 
face of nickel specimens after long times of 
annealing in sealed evacuated tubes. Under these 
conditions a considerable redeposition of nickel on 


the specimen from the vapor phase would be 
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expected, and this may well contribute to the pol 
ishing effect observed However, we believe thal 
surface migration is a more potent mechanism 
this will act in such a way that the free energy of 
the surface is reduced, as will occur if the surface 
area is diminished by the removal of scratches and 
other irregularities 

Although Mr. Wensch does not refer to any 
investigation of these processes earlier than 1941, 
RK. Shuttleworth ( Metallurgia, Vol. 38, 1948, p. 125 
ina review of the subject gives 1910 as the date of 
the first observation of thermal etching (W. Rosen 
hain and J. C. W. Humfrey, Proceedings of the 
Royal Society, Vol. A&8S, 1910, p. 200 The earliest 
date at which thermal polishing was noticed 
appears to be 1988 (R. P. Johnson, Physical 


- 


Kquilibrium Surface of Nickel Rod (75> Heated 
Under Slight Compression in Vacuum to LILO" C., 


Showing Effects of Viscous Flow and Grain Growth 


Review, Vol. 54, 1988, p. 459), although three vears 
Andrade and J. G. Martindale 
Philosophical Transactions of the Royal Society 


previously E. N. da ¢ 


Vol, A285, 1935, p. 60) had shown that surtace 
migration could take place at 240°C. on silver In 
view of Mr. Wensch’s last paragraph he will no 
doubt be interested to read the paper by M. J. Day 
and J. Bo Austin (ASM. Transactions, Vol. 28 
M0, p. do4) on the determination of austenite 
grain size by this technique 

In the laboratories at the University of Cam 
bridge we are using this technique to examine 
metals at elevated temperatures, using a reflecting 
microscope, While we find that the equilibrium 
surface is rarely as smooth as a mechanically pol 


ished surface, the irregularities are of interest in 


themselves, being related to the internal structure 
of the metal. We can confirm Mr. Wensch’s 
observations on nickel and the accompanying 
photograph shows some additional interesting fea- 
tures. The photograph (magnification of 75> 

was taken using plane-polarized light, and is of a 
99.9 nickel dilatometer specimen of *,-in. diam 
eter This has been slowly heated to 1410" ¢ 

2570" F.) in vacuum under a small load, and it 
can be seen that the original machining grooves 
have been rounded and reduced in depth. Under 
the load, creep has oecurred (about 1 compres- 
sion), principally of the “viscous flow” type in the 
grain boundaries, as is shown by the ridges formed 
by the metal which has been squeezed out. The 
furrow along the top of each ridge shows the orig 
inal location of the gram boundaries as revealed 
by thermal etching. Subsequent grain growth has 
eliminated a small grain originally at the center of 
the field and larger polyhedral grains have been 
formed with boundaries meeting at about the 
equilibrium angle of 120°. During this recrystal 
lization and growth, twinning has also occurred, 
shown by the development of texture on the sur 
face of the specimen. 

We concur with Mr. Wensch that the phe- 
nomenon is of intrinsic interest and is undoubt- 
edly proving to be a valuable extension to available 
metallographic methods. 

A. G. Mercacre and M. J. OLNEY 
Department of Metallurgy 


University of Cambridge 


Cireular Graphite in Cast lron 


BIRMINGHAM, ENGLAND 

The letter published in the April issue ot 
Vetal Progress trom C. K. Donoho is interesting 
but I can only believe that the term “exclusive 
development” refers to the words used, namely, 
“circular graphite’, and not to the structure itself 
This structure has been produced and described 
in the literature previously For instance, the 
structure was produced by Morrogh in high- 
sulphur cast irons and illustrated in the Journal 
of the Iron and Steel Institute, No. 2, for 1946, 
Fig. 13 to 17, although the term “circular graphite” 
The structure was also referred to 
by Morrogh and Williams in the Journal of the 
Iron and Steel Institute for March 1947 


references the term “mesh” or “mesh-like” graph 


was not used 


In these 


ite has been used More recent references to this 
twpe of structure have appeared in the Journal of 
Research and Development of the British Cast Lron 
Research Association for February 1950, and also 


some perfect illustrations have been given. still 
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more recently by Williams in the April 1950 issue 
of the Journal of the Lron and Steel Institute. 

Mr. Donoho suggests that further work will 
be directed to “how to make it again’ The 
answer to this will be found in the above refer- 
ences. Il can only say that | am in sympathy with 
him when he says “what to use it for and why 


make it at all.” 
Pete ae H. Morrocu 


Research Manager 
British Cast Iron Research Asso« 


Star Fish or Compass-Rose? 


LonDON, ENGLAND 

Being a quadruped it cannot be a star-fish! 
Likewise, the attractive compass-rose is not taken 
from an old chart, but is the result of two inden- 
tations with a double-conical diamond indenter on 
a specimen of cast tin. Crossing of indentations 
is not a technique to be recommended; possibly 
when it occurs accidentally it ought not even then 


be published. Nevertheless, readers may be inter 


ested to note that the first indentation is practi 
cally of the same length as the second one, thus 
revealing no work hardening. In the present case 
the “Double Cone” hardness is Hy, = 21 kg. pet 
sq.mm. The measured Vickers hardness (diamond 
pyramid) is DPH Applied 


load was 50 g., the magnification 400» The 


IS kg. per sq.mm 


advantage of the Double Cone indenter is the 
elongated impression similar to that obtained with 


the Knoop indenter. ay | Geil 


Diamond Research Department 
Industrial Distributors (Sales) Ltd 


Quick Estimation of Case Depth 


BLoomrietp, N. J 
In the production of small parts we frequently 
desire to check each batch for case depth as it 
comes from the Homo-Carb furnace; therefore we 
do not want to take the time required to mount 


them in bakelite. The sample (in the illustration 


Thin Sample Held to Microscope Slide 
by Plastic Clay; Polarized Light Avoids 
Reflections From Surface of Glass Slide 


it is a float arm, about ‘2 x in., punched from 
0.035-in. mild steel) is ground on a fine-grit grind 
ing wheel, followed by a few strokes on No, 00-grit 
emery paper. This surface is smooth enough to 
Then the 


sumple is placed on a glass microscope slide and 


bring out the case with a 2% nital etch 
is held erect by small pieces of modeling clay 
When the slide is placed on an inverted-type 
microscope and viewed with polarized light, the 
case is easily measured with a micrometer eve 
piece With the usual bright-field illumination 
reflected light is deflected by the glass slide and it 
is impossible to see the sample 
If it is necessary to see the grain size or to get 

a rough estimate of structure, the sample can be 
given the usual polishing and etching steps follow 
ing the grinding, and the polarized light will out 
line the grain boundaries 

Mannie H. Watrenivs 

Metallographer 
Air Conditioning Department 
General Electric Co 


Electrolytic Polishing of Nickel 


Los ALAMos, New Mexico 
Since manual polishing, followed by chemical 
etching of nickel, is a time-consuming process, 
often producing an inferior surface due to surface 
distortion and the lack of strong preferential 
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Nickel, Annealed at 800° C. (1475° F.) for 
25 Min., Electropolished and Electro-Etched 


chemical action demonstrated by most etchants 
toward nickel, a rapid method of surface prepera 
tion was sought in a recent investigation of 
recrystallization of plastically deformed nickel. 
Various existing procedures of electropolishing 
nickel were evaluated, and the most promising 
method was that of Hothersall and Hammond 
(“The Anodic Polishing of Electrodeposited Nickel”, 
Journal of the Electrodepositors’ Technical Society, 
Vol. 16, 1940, p. 83). 
However, experience indicated that this should 
be modified for best results to the following: 
Solution 390 cc, concentrated sulphuric acid 
plus 290 ce. distilled HO 

Cathode Nickel 

C.p ‘) amperes per square decimeter 

Pinne f to 6 min 


remperature O° Fo maximum 


In some instances the electropolished surface 
had such high reflectance that difficulty was 
encountered in) focusing the microscope! The 
solution described above did not etch when used 
at lower current densities 

An investigation of many common reagents 
revealed that the nickel so polished could be beau- 
tifully electro-etched according to the following 
formula 

Solution o3 ce. 85 orthophosphoric acid to 100 
ec. distilled HVO 

C.D. 1.55 amperes per square decimeter 

Time Ito 4 min 

The accompanying figure clearly shows the 

excellence of this method 
Gien W. Wenscu 
Los Alamos Scientific Laboratory 
Nott Fhese investigations were carried out while 


the author was at the University of Hlinois 


Vietal Progre 


Permanent Record of 
Magnaflux Indications 


CoL_umsBus, INb. 

Frequently it is necessary, for record purposes, 
to make Scotch-tape prints of defects found by 
the magnetic-particle inspection method. The pro- 
cedure commonly used is to obtain the particle 
pattern of the defect in the normal manner from 
a suspension of the black paste in Stoddard’s 
solvent. Then you have a choice of allowing the 
solvent to drain off for several hours, or (prefer- 
ably) let the sample drain overnight in a dust-free 
room, Or, you may flow carbon tetrachloride cau- 
tiously over the pattern, hoping it will not wash 
partly away. 

The writer has found a quick way of prepar- 
ing the sample so a tape print can be made in a 
few minutes, by using a 142% (by volume) sus- 
pension of the black paste in carbon tetrachloride. 
Clean off all oil or grease from the area where the 
defect is located, or degrease with any of the usual 
quick drying solvents. Then, while the magnetiz- 
ing “shot” is put through the part, flow on the 
powder suspension in carbon tetrachloride. In 
about a minute the solvent evaporates and the 
print can be made. 

The gray background that appears on such a 
print, due to scattered magnetic particles which 
did not drain off, is no worse than that obtained 
by the old method. We also find that prints of 
very fine, subsurface indications can be obtained 
with the suspension in CCl, which could not be 


obtained before. 
Harowp H. Lurit 


Chief Metallurgist 
Cummins Engine Co., Inc 
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Othmar H. Ammann 


25-year-old Swiss, just gradu 


civil engineering, came to 
1904 and got a job witt 
ia Steel Co Immedi 
working on 

1 with the 

eyebars for 

igh Bridge in New 
Othmar 


g career in big 


and he begar 
to 1912 he was 
consulting engi 


tigated the tragic fail 
largest cantilever 
Lawrence at 
1925 he wa 
ndentnhal; as 

the New 

ne wa ul 

the Hell 

River it 

' 


Mr. Ammann 


Mention 


Gordon Johnson, past-chairman of 
the North West Chapter of the Amer 
Metals, has 
Research Foundation as su 


ican Society for joined 
Armour 
pervisor of foundry process research 
He was previously chief metallurgist 
of the American Hoist & Derrick Co., 
St. Paul, Minn 


J. L. Wyatt @ is attending Massa 
chusetts Institute of Technology for 
graduat« 


employed by the 


study He was formerly 
Titanium Div. of 
National Lead Co. and the company 


is sponsoring his research work 

W. Wallace Brenneman @ is now 
metallurgist for the Crawford Steel 
Foundry Co., Bucyrus, Ohio 

F. C. Albers @ has 


ferred by Chicago Pneumatic Tool Co 


been trans 


from the Detroit manufacturing facil 
ities to the new plant at Utica, N. Y 
At the same time he has been pro 
moted to chief metallurgist 

George W. Hastings @, formerly 
president of Milford 
Co., Inc., has established a heat treat 
Harbor, Mich 
Metal Treating (« 


Metal Treating 
ing plant in Benton 


known as Harbor 


James Miller @, who was formerly 
Cornell Aeronautical Labo 
Buffalo, N. Y., has 
joined the 
the General 


with the 
ratory, recently 
Thomson Laboratory of 
Electric Works, 
West Lynn, Mass., as a metallurgist 
H. A 


service engineer mn the 


River 


Cavanagh @ is now a sales 
Chicago area 


Steel Co. of 


America 


or Crucible 

Edward H. Burrs @ has beer 
transferred by Crucible Steel Co 
office o the 


newly « } d Day n, Ohio, office 


from the incinnat 


Applicat of the strong structural 


teels fc ong-span highway bridges” 
Washingtor 
bridge built by the Port 
Authority, wt 


The Ceorge suspensior 
of New Yor) 
ch with it pan of 550 
irpassed previous tructures 
mite 32,000 tons of 
Othmar Ammann is 
nvention, for in the 

longest existing 
gh-strength manga 

steel for we first time in bridge 
history, being convinced of its advan 
tages in competition with other struc 
tural alloy steels for the exceptionally 
heavy compression members compos 


ing the arch ribs 
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Climax Molybdenum Co. of Michi 
gan announces the appointment of 
Walter F. Craig, Jr.. @ as metallur 
gical engineer in the Chicago office 
He was previously supervisor of fer 
rous metals research at Armour Re 
search Foundation 


The Midvale Co., Philadelphia, an 
R. Gaus @ has been 
named assistant to the vice-president 
sales Mr 


represented the 


nounces that A 


Gaus had 
Midvale Co. in the 


n charge of 


Pittsburgh office since 193 


Roll Manufacturers Institute, Pitts 
burgh, announces that Joseph J. Mar- 
salka @, for the past five 


research 


years 
laboratory supervisor of 
Blaw-Knox Co., has been appointed 


technical director of the institute 


D. S. Chambers @ has 
Vanadium-Alloys Steel Co., 


Pa., and is on the 


joined 
Latrobe, 
research and 
development staff of the metallurgical 


cepartment 


A. A. Bradd @, formerly assistant 
superintendent of research and of 
Midvale Co 
supervisor of heat treatment 


Works 


heat treatment for the 
is now 


for the Philadelphia Gear 


After M.S. 
from Michigan College of Mining and 
Technology in August, Earl C. Suther 
land @ has been appointed a tech 
nical engineer with the 


receiving his degree 


International 


Business Machines Endicott 


N. ¥ 


George F. Burditt @ has beer 
transferred by Wheelabrator & Equip 
ment Corp. to Greensboro, N. C., to 
open a new sales office for the areas 
of North South 


Virginia, 


Carolina, Carolina, 
West 


eastern Georgia 


Virginia and north 


After graduating from the Uni 
versity of Washington in June, Wil- 
liam K. Gibb @ ha Bostor 


Electro Steel Foundry as an inspector 


joined 


of castings 


Shepherd @, who 


cently completed the requirement 


Francis W 


the degree of master of 


science 
mechanical engineering at the U 
versity of Minnesota, has accepted 
mechanical 


positior as engineer 


the I S. Naval Proving Ground at 
Dahigren, Va in the experimental 


department 


Vernon H, Jones @ hax been ap 
pointed assistant metallurgist in the 
foun of the Canadian Westing 


house Co., Ltd., Hamilton, Ont 


Frank V. Bednarezyk, Jr.. @, who 
graduated from the University of De 
trot in June, has beer employed at 
Hewitt Metals Corp., Detroit, as plant 


engineer 








Personals 





B. We. 


pointed 


Sandelin @ has been 
of the 
department of 
Birmingham, Ala. 

E. E. 


moted by 


ap 
metallurgical 
Steel Co., 


head 


Connors 


Staples @ has 
Hevi-Duty Electric 
from district 


been pro 
Co., 
Milwaukee, sales man 
the area to 


president in charge of sales. 


ager of Cleveland vice 


H. H. Hewitt, Jr.. @ is now with 
McCulloch & Sons, Portland, Ore. 


E. L. Bartholomew, Jr., @, for the 
past 12 years on the teaching staff of 
Massachusetts Institute of Technol 
ogy, has accepted an appointment as 
associate professor of 


the 


mechanical 
engineering at University of 


Connecticut, 


Karl Thomas Aust ©, who received 
his Ph.D. in June from the University 
of Toronto, is now research metallur 
gist in the X-ray diffraction division 
of Kaiser Aluminum and 
Corp., Spokane, Wash. 


Chemical 


C. A. Sellen @ has been appointed 
assistant to the general manager of 
the Reliance Div. of Eaton Mfg. Co., 
Massillon, Ohio. He joined the division 
in 1939 as chief metallurgist 





FOR LONGER TOOL LIFE, LOWER 
TOOL COSTS, AND QUALITY HIGH 
SPEED STEEL HARDENING... 


Ss 


Sentry Model “2Y" — For 
hardening small tools and 
cutters of moly, tungsten ond 
cobalt high speed steels 


Sentry Model 
handling 


cutters 


larger 
Flexible, economical, 
quick to heot up 


5Y” 
tools 


Sentry Model “YP 
Furnace for hardening long, 
slender drills, 
broaches, etc 


— For —Vertical 
and 


reamers, 


SENTRY 
ELECTRIC FURNACES 


Sentry Electric Furnaces produce quality hardening, maximum 
toughness and exceptional durability in high speed steel and high 
carbon high chrome. Edges stand up longer which means less 
frequent grindings, longer tool life and lower tool costs. 


Sentry Furnaces utilize Sentry Diamond Blocks permitting full 
soaking of tools without danger of burning. No scaling. No de- 
carburization. Produce a clean finish which eliminates 


finishing operations. 


The Sentry 


FOXB( 


M 


A 


Ask for catalog A20 


Company 
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Edgar C. Buckingham @, who 
graduated the University of 
Southern California in June, is now 
employed in the traffic department of 
Monolith Portland 
assistant traffic 


from 


Cement Co. as 


manager. 


Albert G. Haynes 8 is now project 
engineer in plant engineering depart 
ment of Koppers Co.’s recently 
quired engineering department. 


ac- 


Edward D. Weisert @, who gradu- 
ated in August from the University 
of Michigan, has sales 
engineering position in the Chicago 
district office of the Haynes Stellite 
Div. of and 
Corp. 


accepted a 


Union Carbide Carbon 


Werner Blumenthal ©, who re- 
ceived his degree from the University 
1950, is 
employed as a process engineer with 
AMI, Inc., Grand Rapids, Mich. 


of Michigan in June now 


Mark M. Templeton ©, who for 
the past two years has super 
intendent at the Sheffield, Ala., plant 
of the Electro Div. of 
Union Carbide and Carbon Corp., has 


been 
Metallurgical 


been appointed assistant to the works 
manager of the division and will be 
located in Niagara Falls, N. Y. 


After receiving his Ph.D. from 
Illinois Institute of Technology in 
June, Frank A. Crossley @ has beer 
appointed director of the department 
of metallurgical engineering of Ten 
and Industrial 


nessee Agricultural 


State College. 

Frederick V. 
transferred by 
Co. from West 


plant 


Horak @ has been 
Allis Mfg 
Allis works to become 
the 


Chalmers 
metallurgist at LaCrosse 


LaCrosse, Wis 


works, 


C. Donald McLain @, formerly 
with Spang-Chalfant Div. of National 
Co., is now metallurgical en 
Western Brass Mills Div 
East Alton, Ill 


Supply 
gineer with 
of Olin Industries, 


Raymond C. Landstrom @, for 
for the 
Steel Co. in Rock 


president n 


merly sales representative 
Latrobe Electric 
ford, Iil., is 
charge of manufacturing of the King 


& Hamilton Co., Ottawa, Ill 


now Vice 


Bruce M. Shields ©. 


search 


formerly re 
metallurgist of the South 
works, Carnegie-Illinois Steel Corp., 
has accepted a research assistantship 
Institute of Tech 


nology and will work toward his Dox 


at Massachusetts 


tor of Science degree 


Goldye Cohen Leeds ©, formerly 
with I. Stern & (x Inc., is 
technical writer for the Signal ¢ 
Agency, Fort 


now a 


or ps 
Publications Monmouth, 


N. J 





REVERE Free Cutting Brass Rod Makes 


Clean under-cuts in o deep and accurate recess 


tone who has set-up a lathe or tooled-up an auto- 
matic can see at a glance that the Eastman Pressed- 
On Hose Coupling is not the easiest thing in the world 


to machine from the solid. 


On one end the boring, chamfering, deep turning to a 
pipe thread taper up to a round shoulder, and threading, 


are neither very difficult nor very easy to handle 


But look at that deep recess on the other end! It has 
reverse under-cut annular serrations that are so clean and 
accurate that the coupling holds a hydraulic hose with a 


grip that is stronger than the hose itself. 


Anyone who had to do that job would want to work on 
a material which had all the ease of machining and uni- 
formity of behavior under the cutting tools he could get 
That is why the Eastman Manufacturing Company, 
Manitowoc, Wisconsin, uses 1°" diameter Revere Hexa- 
gon Free Cutting Brass Rod in this patented coupling 
All of the production problems are in the tools, none 


are in the material 


The difficult tasks are not the only ones on which the 
ultimate of machinability will pay off. If you want to work 
to combinations of speeds and feeds and accuracies which 
are even a little bit beyond the ordinary, or you have a 
job which is even a minor challenge to your tool makers 
and your set-up men, then Revere Free Cutting Brass Rod 


may be your best friend. 


It will not cost anything to find out. Just get in touch 


with your nearest Revere Sales Office 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
° . . 
Mills: Baltimore, Md; Chicage and Clinton, UL; Detroit, Mich; 
Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y. 


Sales Offices in Principal Cities, Distributors Everywhere 
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Anton L. Schaeffler @, formerly 
with the Areos Corp., has joined Allis 
Chalmers Mfg. Co., Milwaukee, as a 
metallurgical engineer 


William F. Tuff 8. who graduated 
from the University of British Coium 
bia this year, is now with the Steel 
Co, of Canada, Hamilton, Ont., works, 


in its training program 


Frank P. Denzel @ has established 
the Franklin Supply Co., Columbus, 
Ohio, to distribute welding supplies 
in central Ohio for Linde Air Prod 


ucts Co. and Metal & Thermit Corp 


Harold D. Wilson @ has beer 
appointed vice-president of the Gary 
Steel Supply Co., Chicago. He has 
been with the company since 194 


Zay Jeffries @, former vice-presi 
dent of the General Electric Co., has 
been appointed Leonard Case profes 
sor and consultant on education pol 
icy of Case Institute of Technology, 


Cleveland 


F. Wesley Smith @, formerly New 
England manager for D. A. Stuart Oil 
Co., has opened consulting offices at 
Holliston, Mass 


lubricants 


He will specialize in 
and their applications. 


After graduating from Case Insti 
Henry Kopczew- 
ski @ has been appointed foundry 


metallurgist in the re 


tute of Tec hnology, 


earch labora 
tory of Apex Smelting Co., Cleveland 








FOR EXTRA ME 


AL PROTECTION 


AND EXTRA PAINT DURABILITY 
...USE ACP RUST PROOFING 
CHEMICALS AND PROCESSES. 


PROCESSES 


For over 1/3 of a century, ACP has pioneered 
in the development, manufacture, sale and servicing 
of protective metal-working chemicals. These chem- 
icals preserve the metal and the paint finish of both 
industrial and military products. Write or call for 
information about ACP Rust Proofing Chemicals and 
Processes and how they can improve your own 
products and production quality. 

ACP Chemicals Meet Government Specifications 


Pioneering R-eanh and Deswelopment Since 1914 


AMERICAN CHEMICAL PAINT COMPANY 
AMBLER;) PA. 


Manvfecturers of METALLURGICAL, AGRICULTURAL ond PHARMACEUTICAL CHEMICALS 
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Charles ©. Hicks © is now supe! 
visor of the engine dynamometer lab 
oratory test engineers for the Ford 
Motor Co.'s engineering research de 
partment, Dearborn, Mich 


C, W. Haynes @ is on leave from 
the faculty of the University of 
Nebraska and will study at the de 
partment of metallurgical engineering, 
Carnegie Institute of Technology, 
under an Atomic Energy Commission 


predoctoral fellowship 


Merrick F. McCarthy, Jr.. @ ha 
recently joined the Peerless Foundry 
Co., Cincinnati, as metallurgist 


William W. Berkey @ is now a: 
instructor of aircraft structural re 
pair and aircraft heat treatment fo 
the Department of the Air Force at 
Chanute Field, Il. 


Joseph E. Hagins ©, formerly 
with Sheffield Steel Co., Houstor 
Tex., is now maintenance superir 
tendent for the A. O. Smith Corp. of 
Texas. 


James J. Kubbs @, formerly met 
allurgist of the Modern Steel Treat 
ing Co., Cleveland, has accepted a 
position as metallurgist of the chair 
division of the Jeffrey Mfg. Co., 
Columbus, Ohio 


Caterpillar Tractor Co., Peoria, IIL, 
announces the appointment of J. R. 
Munro ©, 


manager, to the newly created posi 


formerly general factory 


tion of director of manufacturing; 
C. A. Woodley @ will be the new 
general factory manager; W. L. 
Naumann @ and Lloyd J. Ely © 
have been named assistant general 


factory managers 


R. M. Goldhoff @, who : ived 
his M.S. from the University of Cir 
cinnati wu August, has assumed the 
positior of research enginee! 
ferrous metallurgy with Battelle Me 


morial Institute, Columbu 


John J 


professor oO 


Naughton ©. a 
chemisti 


‘ 


versity of Hawaii, 


appointment a Visiting assistant 
professor of chemistry at Princetor 


University for the year 1950-1951 


Charles D. Townsend @ has esta! 
lished Professional Expediting Serv 
ce, West Hartford, Conn., whic 
offers technical and engineer 
to small companie 
Following completion of a 
for graduate engineers at 
Steel Corp., Sault Ste. Marie 
John Harvey Bradbury @ has ac« 

' \f le 


the position of metallographer 
of the metallog: 


at Algom: 
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Cast part for 


Vital aircraft 
Pump 


Materia] . 





KODAK INDUSTRIAL 
X-RAY FILM, TYPE A 


With time, money and safety at stake, radiography A TYPE OF FILM FOR EVERY PROBLEM 


was used to check this important casting for defects. Ti 











SB em 





» provide the recording medium best suited to ams 


With moderate kilovoltage to work with, and with combination of radiographic factors, Kodak produce 
ou sol dustrial ’ fils hey “> ovick 
aluminum as the material, the radiographer selected o se rial X-ra n. They also provid 


P a he means to che« welds eflmently and thus extend 
Kodak Industrial X-ray Film, Type A. a ete a : Joon 


For with light alloys, this film has enough speed to 
keep exposures reasonably short even at low voltages. 
Its high contrast and fine graininess also permit taking 
full advantage of high kilovoltage machines in detecting 


irregularities in thick dense materials. 


RADIOGRAPHY 
IN MODERN INDUSTRY 


A wealth of invaluable data on 
radiographic principles, practice, 
and technics. Profusely illustrated 
with photographs, colorful draw- 
ings, diagrams, and charts. Get 
your copy from your local x-ray 


dealer— price, 83. EASTMAN KODAK COMPANY 


X-ray Division, Rochester 4, N. Ys 
ec 
Radiography... 


another important function of photography 








STAINLESS STEEL PLATE 
Shipped” 


by G. O. CARLSON, rnc. 


LARGE BLANK 
TYPE 304 
Size ? 

951 

Hole 


Bend 


You don’t have to buy the “nearest size in stock” from 
G. O. Carlson, Inc. If you want, we will pattern cut Stainless 
plate to your individual specifications, or ship you square 
cut plate to the most economical size for your own shop 
to cut—either way you save. 

Special cutting facilities, plus experienced layout engineers 
are two important cost saving, time saving elements in the 
G. O. Carlson, Inc. service in stainless steel plates—backed 
up by a substantial stock of stainless steel plate in practi- 
cally all sizes to the largest, and in all analyses 


Send your next inquiry or order to G. O. Carlson, Inc. 


CARLSON, ic. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES « FORGINGS e BILLETS « BARS e SHEETS (No. | Finish) 


District Sales Oilices and Warehouse Distributors in Principal Cities 
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Stabilized 18-8 








(Discussions start on p. 691) 
fact that until relatively recently 
many producers have had difficulty 
in obtaining carbon contents regu- 
larly below 0.10% 

The extending use, however, of 
the oxygen lance (and to some ex 
tent the introduction of improved 
electrode controls) is making car- 
bon contents of 0.05% or less in- 
creasingly common in steel foundry 
practice. The general availability of 
such low-carbon steels can in turn 
render the argument against tita- 
nium very much less convincing 
if not completely invalid and it 
must, necessarily, make the use of 
both stabilizing agents very much 
less in quantity and, in some cases, 
even unnecessary altogether 

J. F. B. JACKSON 
PF ssn de of Research 
sritish Steel Founders’ Assoc 


Melting and Pouring 


University, ALA 

I believe that Mr. Tyrrell’s pres 
entation of the comparative merits 
of columbium and titanium in the 
fabrication of 18-8 alloys is very 
concise, and that it also is backed 
up by a large amount of technical 
and practical experience. As [I was 
familiar with the titanium-stabilized 
material in the early stages of its 
development, it is obvious to many 
of the old-timers that lack of fabri 
cation and technical skill in the 
early days of stainless metal had a 
great deal to do with the unsatis 
factory appraisal of titanium 

It is well known that during the 
past 15 vears, thousands of tons of 
titanium-stabilized alloy has been 
successfully used in many applica 
tions As Mr. Tyrrell brings out 
there is no doubt regarding the 
great ease of processing the titanium 
alloy after it has once been melted 
One of the chief objections to the 
titanium-bearing material is the 
difficulty of melting the alloy as 
compared to melting the columbiun 
alloy 

E. C, WRIGHT* 
Head 
Dept. of Metallurgical Engineering 
University of Alabama 


*Epitor’s Note Mr. Wright was 
for many years chief metallurgist of 
Ellwood City (Pa.) plant of National 
Tube Co 
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4 A battery of Inconel! conveyor rolls in ao brow 
strip annealing furnace, Scovill Mig. Co, Woter- 
bury, Conn. The furnace was fabricated by SURFACE 
COMBUSTION CORP., Toledo, Ohio 


Input end of brass anneoling furnece showing coiled 
brass strip resting on Inconel furnace pans at Scovill 
Mig. Co., Waterbury, Conn. These circuler pons 
were fabricated by THE PRESSED STEEL CO., Wilkes 
VY Borre, Po 


MODER N furnace miniala 
in one of world’s most MODER N brass mills 


Completed in 1949, the new Continuous Strip Mill 
of Scovill Manufacturing Co., at Waterbury, Conn., 
is rated as one of the most modern completely in. 
tegrated brass mills in the world. From the giant 
continuous slab-casting machinery at one end, to 
the tractor loaders a quarter of a mile away at the 
other — every unit operation has been mechanized 


to the highest degree. 


In planning the mill, considerable thought was 
given to minimizing future maintenance costs. 
Scovill knew that one source of serious upkeep 


could be annealing furnace equipment. 


So, on the advice of Surface Combustion Corp., 
and The Pressed Steel Co., annealing furnace pans 
were made of a metal with a proved record of long 
life in high-temperature applications ... INCONEL®. 
Capable of withstanding temperatures of up to 
2000 F., INcoNeL promised to give Scovill the long, 


trouble-free service they wanted. 


The conveyor rolls were fabricated from ex- 
truded seamless INcoNeL tubing. The finished roll 
dimensions are: 7 in. 0.p. with 7/16 in. wall. Effec- 
tive working width, including end guide collars, is 
5 ft. 2 in. The rollers extend through the furnace 
side walls and are supported by anti-friction, self- 


aligning bearings. 


If you would like to know how — like Scovill — 
many of the nation’s busiest furnace operators are 
using INCONEL to beat high maintenance costs, write 
for: “Keep Operating Costs Down When Tempera- 
tures Go Up.” 


Remember, too ... Inco's Technical Service De- 
partment is always ready to help you solve high- 


temperature metal problems. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


4 CONEL ..- for long life at high temperatures 
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Here’s the Precision Way 
to test them! 


Brand new contract? Change in plans? 
Whatever it may be, if “ROCKWELL” 
hardness is specified—the quickest, 
easiest, absolutely accurate test for it 
is with a Wilson “ROCKWELL” Hard- 
ness Tester. 


The “Rockwe._” HarpNEss TESTER 

brings dependable accuracy to your 

application. It is extremely well made. 

Easy to use. Test readings are quick 

and exact. With a “ROCKWELL” Tester, 

even unskilled help can handle your 

hardness testing. 

WILson FieLtp SERVICE ENGINEERS 

will study your hardness testing prob- ~ ” 
lem and recommend the exact equip- ROCKWELL” 
ment it requires. Assure yourself of the — 
best—sPEcIFY WILSON EQUIPMENT— | Mad ne 
the universal standard of hardness sina 
testing. 








y by Wilson 


HARDNESS TESTER — especially suited for test- 
ing thin material, nitrided or lightly car- 
burized steel and areas too small for regular 
“ROCKWELL” Hardness Tests. Depth of in- 
dentation .005” or less. Satisfactory for 
general testing where surfaces are smooth 
and materials homogeneous. 


for micro-indentation hard- 
_ ness testing with either Knoop ° —y 
or 136° Diamond Pyramid Indenter. Made _| yigpajgoy 
in 3 models to cover the full range of 
Micro and Macro Hardness testing with 
loads from 1 to 50,000 grams. 


“BRALE” is the only diamond indenter made to Wilson's 
precision standards. ¢ TEST BLOCKS—enable you to keep 

your instrument “Laboratory” accurate. ¢ EQUITRON 
(ixture provides means for accurately positioning test samples. ¢ 
ADAPTER — permits testing inner cylindrical surfaces with unim 
paired accuracy. © WORK SUPPORTS —facilitate testing of vari- 
ously shaped rod stock, tubing or irregular shapes. 











FOR DETAILED INFORMATION WRITE 
ACCO 


WILSON MECHANICAL INSTRUMENT CO., INC. os 


AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC wy 
230-F PARK AVENUE, NEW YORK 17.N. Y “ 
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Melting of 18-8 Ti 








(Continued from p. 74? 
SHEPFIELD, ENGLAND 

I am in almost complete agree 
ment with Mr. Tyrrell’s conclusions 
my only real objection to the use of 
titanium as a stabilizer instead of 
columbium in austenitic chromium 
nickel stainless steels is in connection 
with highly polished sheets. A mirror 
finish is frequently demanded and 
it must be admitted that titanium 
Stabilized steel sheets do not vield 
such satisfactory results as thos« 
produced from columbium-stabilized 
steels. Where this high degree of 
surface finish is not required, how 
ever, the titanium-bearing steels are 
in all other respects quite equal in 
quality and general properties to 
those stabilized with columbium 
and this applies particularly to steel 
castings, many thousands of which 
have been produced by my own 
Company 

Our melting units comprise both 
high-frequeney and electric-are fur 
naces, the former being employed in 
the manufacture of stainless steel 
castings and the latter for the pro 
duction of ingots. 

Induction Melting Phe titaniun 
is added as ferrotitanium in the fur 
nace and we use the 40 Ti grack 
and not the 20 to 25° Ti grade, since 
a lesser amount is needed and the 
bath is not chilled so much The 
tlloy should be added in lump form 
as the fine stuff gets entrapped in 
the slag, which should be thinned 
by the addition of some form of 
calcium alloy (Ca-Si or Ca-Si-Mn) 
it the same time as the titaniun 
widition. The heat generated fron 
the oxidation of the calcium to 
gether with the thin slag formed 
assists the lump ferrotitanium ft 
sink into and dissolve in the molten 
metal. Before the titanium addition 
is made the temperature of the bath 
should be raised to that finally re 
quired, as it is essential to pour from 
the furnace immediately after the 
alloy has disappeared into the melt 

Loss of titanium in the ladle he 
comes serious only when maki 
very small castings (a/ because 
the degree of superheat necessary 
(b) by virtue of the time factor tn 
volved in shanking small castin 
and (¢¢ the actual us f opel 
shanks. Therefore, when small cast 
ings are being made, a surplus 
titanium must be added over 

Continued on p V6 





GUN AND PISTOL PARTS COURTESY HIGH STANDARD MANUFACTURING Conr 


MINMONS OF GUNS cc. snmusisn se 


cartridge clips, shoe eyelets, buckles, buttons, harness hardware, radar 
parts, used in World War II, received these government-approved, 
protective black finishes. Enthone Ebonol blackening processes 
meet today’s Army, Navy and Air Force specifications for black 
oxide coatings on steel, copper, brass and zinc . . . for wear, re- 
flectivity, saltspray, and weathering. NEW EBONOL Booklet 
including detailed operating instructions, sent free on re- 
quest. U.S. Patents — 2,364,993, 2,460,896, 2,460,898, 
2,481,854. Canada, 463,852. 


Enthone inc 


442 ELM STREET NEW HAVEN CONN 
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as HY-TEN ALLOY STEEL r (Discussions start on p. 691) 


above the theoretical amount that 


Le | . . would be regarded as sufficient for 
> Sh 6 : the much larger ingots teemed 
= through a ladle nozzle. 
S 


The recovery from titanium-bear- 
ing scrap is practically nil. That 
from ferrotitanium varies with melt- 


Although perhaps best known fof é ing practice. To minimize titanium 
our special HY-TEN Alloy Steels, Wheelock, Lovejoy ; losses or, rather, to obtain a more 


. ‘ ; or less constant loss value, the melt 
carries a full line of standard steels in stock for fast, should contain about 1% each of 


dependable service from our warehouses. These stan- silicon and manganese, and be de- 
dard grades include: C-1117, A4615, E4617, A4620, pe - Al yl ctig wea 


dant before the titanium is added. 


A4140, A4142, A4145, A4150, A4340, etc. : Use of a Ca-Si-Mn alloy for such 


: - re deoxidation appears to improve the 
There are many advantages in using a single source fluidity of stainless steels of the 


for all your alloy steel needs, and Wheelock, Lovejoy C austenitic type. Generally, we rec- 


offers these extra services — modern heat treating, ree > pate orig pb cay mea 
Oo > > o reta . € ? 


testing and cutting, plus prompt delivery of blocks, - the solid steel, that is, there is a 
rings, spindles and other forged shapes to your loss of 50% of the titanium, but the 


. . ‘rcentage loss becomes less with 
exact specifica : pe — 
cations higher initial titanium additions, as 


Call in your nearest Wheelock, Lovejoy metallur = ~ ae a : 
° . itanium does not appear to have 
gical expert —he represents a firm that is backed by “a much influence on the fluidity of 


over a century of experience in the use and applica» the steel at the high temperatures 


tion of fine steels. 4 needed for the successful running 
of steel castings and, as mentioned, 


we always aim to keep the silicon 





WL steels are metallurgically constant. This guarantees ‘ 

. ; : ; f and manganese around 1% each 
uniformity of chemistry, grain size, hardenability—thus el> & As regards surface quality of the 
minating costly changes in heat treating specifications. castings, no unduly large patches of 


slag are encountered if the slag is 
Write today for your FREE COPY of the ; held back by a skimmer during 


PRE STORIE ANE A ONS 


Wheelock, Lovejoy Deta Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 
tions, physica! properties, tests, heat treating, etc. 


134 Sidney St., Cambridge 39, Mass. 
and Cleveland + Chicage + Detroit 
Hillside, \.j. * Bullale + Cincinnati 


\g. ‘ 
48484 4 © 
’ ()| i} ()) AWe | beeen ees og 
. x 
4 y TAC. ’ 


and AISI 
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pouring. As regards suitability for 
use, our experience is that titanium 
stabilized steels are just as resistant 
to attack as columbium-stabilized 
steels and, indeed, under certain 
conditions are perhaps better. 
Basic Electric-Are Melting In 
our early experiments concerning 
the production of ingots from steel 
melted in the basic electric-ar« 
furnace (4% tons capacity), excep- 
tionally high and completely uncon- 
trollable losses of titanium resulted 
from adding the ferrotitanium in 
the furnace. Consequently, we de 
veloped a simple method of making 
the addition during the pouring of 
the steel into the ladle. A hopper 
mounted on a frame, which strad 
dies the furnace pit, is now used 
A lever arrangement permits the 
opening of a ball valve and through 
the aperture at the bottom of the 
hopper a constant flow of the ferro 
titanium ('s-in. mesh, 40°° Ti grade) 
occurs, in alignment with the stream 
(Continued on p. 748 





HIGH TEMPERATURE PROPERTIES 


of Cr-V and Cr-Mo-V Spring Steels 


nate) Tice: Di eR ale ee » a 


PRINGS FOR SERVICE at elevated temperatures require 

steels which resist softening and lowering of the yield 
point. Unless hardness and yield strength are stabilized 
by correct alloy additions to the steel, these properties 
deteriorate rapidly as the temperature is raised. 


The chart above shows the yield point and tensile 
strength of three types of spring steel at elevated temper- 
atures determined by standard short-time tension tests. 


Springs of plain carbon steel are sometimes used at 
moderately elevated temperatures, although their lower 
yield values prevent them from giving service as satis- 
factory as that of the alloy spring steels. 


Chromium-vanadium steel springs, such as AISI 6150, 
give better service at ordinary temperatures because of 
the higher yield point. In addition, they may be used at 
operating temperatures up to about 700° or 750° F 


because they retain high yield point values as the tem- 
perature is increased. 


Chromium-molybdenum-vanadium steel was especially 
designed for springs operating at temperatures in excess 
of 750° F. It can be used for springs operating at temper- 
atures as high as 850° F or even higher under some con- 
ditions. At 800° F,, the yield point of this steel is still greater 
than that of plain carbon steel at room temperature. 


If you have a problem in spring applications at elevated 
temperatures, our metallurgical engineers will be glad to 
help you solve it. 


MAKERS OF 
ALLOYS 


CHEMICALS 
AND METALS 


VANADIUM CORPORATION OF AMERICA 


420 LEXINGTON AVENUE, NEW YORK 17, N. Y. * DETROIT + CHICAGO * CLEVELAND «+ PITTSBURGH 








MEET AMMONIA’S 


LOW-COST LOW-COST 


HYDROGEN NITROGEN 


FROM DISSOCIATED AMMONIA 


Each cylinder or tank car of Barrett Standard Anhydrous 
Ammonia (REFRIGERATION GRADE) is a low-cost source of two 
gases HYDROGEN and NITROGEN. When dissociated, 
one pound produces approximately 34 cubic feet of hydrogen 
and 11 cubic feet of nitrogen. 

You save money by using dissociated ammonia in the pro- 
duction of controlled atmospheres in furnaces for bright 
annealing, clean hardening, copper brazing, sintering, reduc- 
tion of metallic oxides, atomic hydrogen welding, radio tube 
sealing and other metal-treating practices. 

Anhydrous ammonia also has unsurpassed qualities in the 
nitriding of steel, used as ammonia gas or dissociated. 


Barrett Standard Anhydrous Ammonia is available in 150, 
100 and 50-pound cylinders from stock points conveniently 
located from coast to coast; or, for larger users, in tank car 
shipments from Hopewell, Virginia, and South Point, Ohio. 

The advice and assistance of Barrett technical men are 
readily available. For information, contact Barrett, America’s 
leading distributor of ammonia. 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6. N.Y 








Melting of 18-8 Ti 





(Discussions start on p. 691 
of molten metal issuing from the 
furnace The two streams thus mix 
as they flow into the ladle A slag 
floor is in position in the fur 
nace so that practically all the slag 
is held back until the hopper ts 
empty; in this way, minimum tita 
nium is lost in the slag Subse 
quently, of course, slag flows into the 


ladle to give the desired covering 


trap ¢ 


Adding the equivalent of say 
0.00 titanium, between 0.30 and 
0.40 of the element can be ex 
pected in the solid steel, that is, the 
actual vield may vary from 50 to 
6’. according to the bath condition 
at the time of tapping. No titanium 
recovery is possible from titanium 
bearing scrap. Phere S no appre 
ciable variation in titanium content 
from ingot to ingot in casting ten 
ingots cach weighing 1000 Ib 

Before the steel is poured inte 
the ladle, the bath temperature is 
raised to 2970° F. in order to com 
pensate for the cooling effect (about 
100°? F.) of the titanium addition. At 
normal ingot pouring temperatures 
the titanium-bearing austenitic steels 
made from virgin materials appear 
to be somewhat more viscous thar 
similar steels free from titanium, but 
this decrease n fluidity has not 
been evident in the many heats we 
have produced from 100 stainless 
steel scrap charges involving the use 
of the oxygen lance. Our usual pro 
cedure is to teem our ingots through 
a l'y-in. nozzle ladle into a tun-dish 
also having a 1',-in. nozzle 

All our titanium-stabilized stain 
less steel from the electric-are fur 
nace has been rolled into bar, sheet 
and strip which, in most instances 
has been subject to A.LD. inspection 
Complaints have been few and sine 
the employment of our oxygen tech 
nique almost nonexistent 

Provided that the carbon content 
is sufficiently low and the titaniun 
not greatly in excess of that needed 
for stabilization, excellent results 
are obtained and the steel is defi 
nitely as good as that stabilized 
with columbium. By using the oxy 
zen lance and starting with 100 
stainless scrap charges, we regularly 
produce steels of less than 0.05 
carbon, which results in a superior 
quality material when stabilized wit! 
titanium EpWIN GREGORY 
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es A Lubricant that Works 
Z from sub 0 to 3000 plus 


~“ See ubricants gum up at extremely low temperatures or break down at 
@xtremely high temperatures ... but not Acheson's specially processed “dag” 
colloidal graphite! 


This Versatile material is dispersed in organic and inorganic carriers for positive 
SPS ission to the zone of lubrication . .. for effective concentration at those points 
¥.4 for friction-fighting that can't be beat! 


“Bag” colloidal graphite is unique in its combination of properties and uses, It is 
very slippery and extremely durable, anti-corrosive, gas adsorbent, chemically inert 
@nd, of course, highly resistant to heat. 


In deep piercing you get smooth forgings, close tolerances and reduced wear on 
dies. In casting and mold stripping you get smooth surfaces, clean parting, fewer 
rejects; and additional mold life. 


In forging you minimize scaling and sticking, improve finish, lengthen die life 
} 


In stretch-forming you reduce tearing and rippling. In wire-drawing you get 
uniform diameter, better finish and greatly extended die life. 


Brass, bronze, aluminum, magnesium, carbon steel and stainless steel wher 
ever your fabrication problems are friction and heat “dag” colloidal graphite 
reduces the one and resists the other 

The New Acheson Bulletin #426 on the Use of “deg” Colloidal Graphite ir 
Metalworking operations is just off the press a copy is ready for you if you will 
fill in and mail the coupon. 


ACHESON COLLOIDS CORPORATION 
. . Michigan 
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PRICE alone makes no profit. 
The drawing above illustrates a 
shackle bolt which is drilled and 
tapped on a New Britain Auto- 
matic. Using an inferior cutting 
oil 12 taps were used up every 
2', days—I12 pieces per tap. A 
change to Stuart's SPEEDKUT 
M on a 2! day run showed 530 
pieces per tap—no taps used up. 
The saving? Taking into full ac 
count the pennies—higher price 
of Stuart quality oil: $50 per day 
per machine! 

If you are interested in a sav- 
ing like this, ask to have a Stuart 
representative call. There is no 
obligation—we'll let Stuart per- 
formance do the selling. 


Send for your copy of 
“CUTTING FLUID FACTS” 


Stuart's booklet of 
cutting fluid data. 


DA. Stuart Pil °° 


2743 S. Troy Street, Chicago 23, Illinois 
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Lower Carbon Contents 


BALTIMORE 

The conservation of columbium, 
which Mr. Tyrrell has so ably dis- 
cussed, is of special interest in view 
of the likely large increase in de- 
mand for this element for military 
purposes. For applications of the 
type described, involving exposure 
to hot exhaust gases up to 1500° F., 
there seems to be no reason why 
Type 321 titanium-stabilized steel 
cannot replace the columbium-bear- 
ing Type 347. 

It has been pointed out that for 
inert-gas-shielded arc welding, Type 
321 is superior to Type 347 because 
of its lesser tendency to develop 
“hot short” cracks. This may be ex- 
plained on the basis of the differ- 
ence in composition balance of the 
two alloys, which is such, on the 
average, that Type 321 weld depos- 
its will contain some delta ferrite, 
while Type 347 deposits will not. 
The presence of this phase in aus- 
tenitic welds is known to inhibit 
their normal tendency to “hot short” 
cracking. (For further information, 
the reader may refer to the article 
by R. David Thomas, Jr., in Metal 
Progress for September 1946.) 

The difference in forming char- 
acteristics can be attributed in part 
to the fact that since columbium 
forms a more insoluble carbide than 
titanium, annealed Type 347 gener- 
ally has more undissolved carbides 
in the matrix than Type 321, which 
makes it slightly stiffer. This is 
evident in the slightly higher aver- 
ive tensile and yield strengths shown 
for annealed Type 347 in various 
publications. 

Another way of conserving colum- 
bium which is not mentioned in 
Mr. Tyrrell’s article is through the 
use of the extra-low-carbon (0.03% 
max.) alloys. These have been avail- 
able commercially for several years 
and have proven themselves espe- 
cially useful in applications such as 
welded vessels and other articles 
used in the chemical industry in- 
volving short exposure in the range 
of carbide-precipitation tempera- 
tures. For applications where serv- 
ice temperatures do not exceed 800° 
F., Types 304 ELC, 316 ELC and 317 
ELC may be used without fear of 
weld decay, as their low carbon 
content will prevent harmful car- 

(Continued on p. 752) 
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YOUR 
HARDNESS 
TESTER... 


IS ONLY AS 
GOOD AS THE 
DIAMOND IT 
USES 


Standard Diemond Cone 


$18.00 F. O. B. Detroit 


Dependably accurate “Rock- 
well” testing results are ob- 
tained only when every part 
of your hardness testing 
equipment is made to preci- 
sion limits. That is why a 
correctly designed diamond 
penetrator is of such great 
importance. Always specify 
CLARK Diamond Cone Pen- 
etrators, both for Standard 
and for Superficial “Rock- 
well” testing. They are accu- 
rately made to the proper size 
and shape; exactly formed by 
expert lappers. CLARK Pen- 
etrators are designed for use 
on all “Rockwell” type test- 
ing machines. 


INSTRUMENT, INC. 


10200 FORD ROAD 
DEARBORN, MICH. 
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Let's be honest. We could claim that our retorts 
last 80,000 hours. Some have. We could claim 
they last 10,000 or 12,000 hours. Many have. 

We have also had some go out of service 
after 3600 hours. But even so, Thermalloy* had 
outlasted—for that particular service—most 
previously used retorts. 

The point is, there are too many variables in 
methods of operation and maintenance for us or 
any other manufacturer to make general claims 
on retort life. These factors include: cycle 
of heating (batch or continuous)... method 


Specify CHEMALLOY® for corrosion resistance . . 





— 
sxrormn| AMERICA! 





_ Brake Shoe 


MPANY 





Vovember, 


of heating (radiant or direct-fired) ...fre- 
quency ot charging . . operative temperatures 

type of suspension or support... efficiency 
of maintenance. 

This we can say! In comparable service, 
Thermalloy retorts and muffles have attained an 
outstanding record for “more operating hours 
per dollar.” 

For recommendations on your particular in- 
stallation, contact your nearest Electro-Alloys 
office, or write Electro-Alloys Division, 1982 
Taylor Street, Elyria, Ohio. 

“Reg. U. S. Pat. Of 


. THERMALLOY”™ for heat and abrasion resistance 


Write for Technical Booklet—Cast 16% Cr.—35% Ni Alleys 
ELECTRO-ALLOYS DIVISION 
FLYR IA, OHIO 3 i 
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Every designer must 
be something of a 
metallurgist 


Here are 72 pages packed with 
information of vital signifi- 
cance to engineers faced with 
the design, selection and treat- 
ment of steel components to 
give a specified service at mini- 
mum cost. 

Besides dealing with scien- 
tific design, the book gives im- 
portant metallurgical data, all 
compiled from the designer's 
viewpoint. Free on request. 


Climax Molybdenum Company 
500 Fifth Avenue - New York City 


Feb | 
CY coed design 
> 
ord deel 
+ 


frm treawiment 





m= satisfaction 
Please send your 
FREE BOOKLET 
KEYS TO SATISFACTION 
Name 
Pésition 
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(Discussions start on p. 691) 
bide precipitation during the short 
heating period used in welding 
Laboratory tests in extremely cor 
rosive mediums have shown that the 
low-carbon stainless stecls are equal 
to their columbium-stabilized coun 
terparts in the as-welded condition 
and this has been confirmed in 
practical field experience (A.S.TLM. 
Special Technical Publication No 
93, 1950, p. 56-80, 87-100). The me 
chanical properties of these alloys 
up to 800° F. are similar to those of 
Fypes 304 and 316, being slightly 
lower with the lower carbon con- 
tent Phe low-carbon alloys are 
readily formed and may be satisfac- 
torily welded either by resistance or 
by all types of shielded-arc welding 
The addition 
of these alloys to the roster of stain- 


with metal electrodes 


less steels, together with a much 
improved knowledge of manufactur 
ing and fabricating Type 321, should 
go a long way toward relieving the 
drain on our columbium resources 
F. K. BLoom 
Supervising Metallurgist 
Research Laboratories 
Armco Steel Corp 


Welded Tubing 


Union, N. J 
It is agreed here that the con 
servation of columbium is a worth 
However, many of 
us believe that the subject should be 
discussed on a broader basis than 
was attempted by Mr 


while endeavor 


Iyrrell, who 
understandably limited his paper to 
suitability of the two most common 
types of stabilized steel for aircraft 
ipplications. The broader discussion 
that we have in mind would include 
consideration of the following alloys 
in addition to Types 321 and 347 
fa the recently developed = steels 
with carbon contents of 0.03 Wa X., 
b) columbium-stabilized steels with 
carbon contents greater than 0.03% 
but lower than in the current pro 
duction of Type 347 steels sta 
bilized with columbium contents of 
eight times the carbon content as 
widely used during World War 
instead of the usual ten times 
and ¢d?) tantalum-columbium steels 
As manufacturers of welded tub 
ne, we had a special dispensation 
during the last war to use Type 347 
exclusively, even though 321 might 
At that time 
Continued on p. 754 


have been specified 
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BURRELL 
BOX and MUFFLE 
FURNACES 


HIGH TEMPERATURE “UNIT-PACK- 
AGE” ELECTRIC BOX and MUFFLE 
FURNACES for melting, sintering, 
heat treating, ignitions, etc. 


Write for Bulletins 315 and 515. 


BURRELL 
TUBE FURNACE 


HIGH TEMPERATURE “UNIT-PACK- 
AGE” ELECTRIC TUBE FURNACES 
for determination of carbon or sulfur 
by combustion and for experimental 
or production purposes. 


Write for bulletin 310 


BURRELL 








From the botch type installation at the left mortempering 
bose detonctor fuses, to the huge mechanized furnaces 
austempering aviomobile bumpers illustrated below, Ajax 
Electric Solt Both Furnaces ore replacing old-style quench 
ond temper methods for o wide variety of stee! products. 


From ring gears to plow points... 
From bearing races to cast iron cylinder 
sleeves... 


From uniformly shaped metal parts to 
odd and irregular sizes... 


~ . 
een ae 


Scores of installations have proved the 
tremendous possibilities for economy, 
greater speed and efficiency in martemp- 
ering and austempering, because all water 
and oil quenches are eliminated 

Distortion is so negligible that parts can 
be machine finished before hardening. 
Final grinding is eliminated or materially 
reduced. Scale, decarb and quench cracks 
are eliminated. Toughness and ductility 
are increased. The work is done materially 
faster- in less floor space with lower labor 
costs. Let the Ajax Metallurgical Service 
Laboratory prove these claims on a speci- 
men batch of your actual parts, under actual 
working conditions 


Write for Ajax Bulletin 120 
AJAX ELECTRIC COMPANY, INC. 


910 Frankford Avenue 
Philadelphia 23, Penna. 


gest nufacturer of electric 


ELECTRIC ‘1: FURNACES 
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critical parts are heat treated 
in HOLCROFT furnaces 


Caterpillar Tractor Co.—producer of rugged, long-lasting 
earthmovers—adds another life to the cat’s proverbial nine! 
This new model will last longer because certain critical 
parts are hardened and drawn in Holcroft furnaces. Result: 
extra stamina for the product and lower costs for the owner. 
Plant savings are possible because of high production, fast 
operations and fewer 
rejects 

















Holcroft installations can cut costs, improve product 
Write today for information 


BLAZING THE HEAT-TREAT TRAIL 


6545 EPWORTH BiVD. 
CHICAG CLEVELAND 2 ( CANADA 

C.H. Martin AA te gelhardt Wallace F. Schott : e Walker Metal Products. Lid 
4209 South We Bivd 6516 Detroit St } 4 Windsor tar 


DETROIT 10, MICHIGAN 
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(Discussions start on p. 691 
this mill and many 
were using the 
arc-welding process, with which the 
manufacture of Type 321 tubing was 
a hazardous and difficult undertak- 
ing, especially in gages heavier than 
0.049 in. The defects that developed 
when Type 321 was welded with 
atomic hydrogen equipment were 
not those described by Mr. Tyrrell 
for Type 347, but they were serious 
enough so that the risk in welding 
was not worth the effort required 
Since that time, 
most manufacturers of welded tub 


similar mills 


atomic hydrogen 


to overcome it. 
ing have installed some adaptation 
of inert-are welding, and subsequent 
experience has shown that 321 is 
much less hazardous to weld than 
347, for the reasons described by 
Mr. Tyrrell 

If the adoption of Type 321 be 
comes more widespread we can ex 
pect some problems involving the 
difficulty of final heat treatment for 
adequate stabilization, welding as it 
relates to a stabilized end product 
and seams that occur as a result of 
Stringers of titanium or titanium 
compound and their effect on the 
ductility of manipulated parts 


J. A. DEITRICH 
Manager, Alloy Tube Div 


The ¢ arpenter Steel Co 


More on Welded Tubing 


CLEVELAND 
The statements in Mr. Tyrrell's 
article comparing the welding char 
acteristics of the two alloys, 321 and 
347, are of particular interest to us 
as producers of welded tubing. A 
continuous automatic process is al 
ways used for welded tubing but tin 
welding operation itself has changed 
over the years. During this period 
the major percentage of production 
has been confined to 347, with the 
production of 321 limited to trial 
lots or small quantities. 
rhe first welding process to be 
applied to stainless tubing was re 
sistance welding, and we found no 
appreciable difference in welding 
speeds and technique or weld qual 
Acetylene 


welding was also used with appar 


itv between the two steels 


ently equal ease on the two alloys 

With the trend to are 
welding, a definite 
characteristics was found 


fusion 
difference in 
welding 

(Continued on p. 756 





no more GAMBLING on 
tool ~ tool steel selection 


Since the first announcement, handreds of tool steel 
users have received their CRUCIBLE TOOL STEEL SF 
Lectors. The comments received indicate that this 
handy method of picking the right tool steel right 
jrom the start is going over big. 


“Handiest selector I’ve ever seen” 
“No more gambling on tool steel selection” 
“You're right, the application should dictate 
the choice of the tool steel” ... and many, many more 


favorable comments. 


You'll want your CRUCIBLE TOOL STEEL SELECTOR. It 
uses the only logical method of tool steel selection 
begin with the application to pick the right steel! And 
the answer you get with one turn of the Selector dial 
will prove satisfactory in every case, for the CRUCIBLI 
TOOL STEEL SELECTOR covers 22 tool steels which fit 
987 of all Tool Steel applications. aut the tool steels 
on the Selector are in Warehouse Stock . . . that means 
when you get the answer, you can get the steel . . . fast! 
actual size; Selector is in 3 colors) Write for your Selector today! We want you to have 


it, because we know you've never seen anything that 
Here's how it works: Here's an example: 
hoes camino — - ath be a erg fg logically. Just fill out the coupon and mail. Act now! 
terial to be worked, the number 
« produced, the method of working 
fu equipment te be used. 
sve got the right answer! Sub-Group —- Special 

rrow to major class covering appli Purpose 


approaches your tool steel problems so simply and 


Mejor Closs — Metal CRUCIBLE STEEL COMPANY OF AMERICA, Chrysler 
Forming —Cold Building, New York 17, N. Y. 


Fae ar. ae” NG eee f 


Crucible Steel Compony of America 
Dept. MP, Chrysler Building 

New York 17, N. Y. 

Gentlemen: 


Sure! | want my CRUCIBLE TOOL STEEL SELECTOR! 


Tool Characteristics — 
Wear Resistance 


characteristics (under ar Tool Steel—Airdi 150 


haracteristics in cut-outs One turn of the dial 
does it! 


ub-group which best fits applica- 


And you're sure you're 


Nome 
righti! 





Compony 


Street 


U : first name in special purpose steels 


er oe | 
TOOL STEELS 


VL year of | Fine | sleelmaking 


Branch Offices and Worehouses: ATLANTA * BALTIMORE * BOSTON + BUFFALO * CHARLOTTE + CHICAGO * CINCINNATI * CLEVELAND + DENVER * DETROIT 
HOUSTON, TEXAS * INDIANAPOLIS * LOS ANGELES + MILWAUKEE * NEWARK * NEW HAVEN + NEW YORK * PHILADELPHIA * PITTSBURGH * PROVIDENCE 
ROCKFORD * SAN FRANCISCO * SEATTLE * SPRINGFIELD, MASS. * ST. LOUIS * SYRACUSE + TORONTO, ONT. * WASHINGTON, DB. C. 
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| 
News : ie. about (Discussions start on p. 691 


depending on the specific process 
used for the automatic continuous 


The Production of ee ae eee 
NODULAR CAST IRONS hn: and it was found necessary 
to discontinue the use of this pro« 


with e A ess on Type 321 because of the ex 


_zz— cessive number of gas pockets and 

. pits formed in the welding opera 

— tion. This process was used exten 

New booklet describes in detail sively for 347 tubing and considerable 

iol B el lela Mul tialtel Mele -laelalla te) footage was produced before and 

Py members of the British Cast Iron during the war years in a wide 

Research Association range of sizes. Repair welding is 

> es Met Ries Nene, evntiobia int not normally done on welded tub 

thaiteal States ing; consequently scrap losses were 

excessively high on Type 321, mak 

Sent upon request ing it uneconomical to produce 
welded tubing in this analysis. 


CERIUM METALS Corporation ge copay apt leaner wo 


inert-gas arc welding as a replace 
ment for atomic hydrogen welding 
wae . ‘ \ Major production has been confined 


to Type 347, and increased welding 


was based on atomic hydrogen 


speeds, as compared with atomic 
hydrogen welding, have been pos- 
sible on this alloy. There has been 
very little footage made in Type 321, 





as the demand appears to be wholly 
for 347, probably because 321 was 
heretofore not readily available in 
welded tubing. Experimental runs 
on 321 indicate that weld quality 





with inert-gas welding should be 
equivalent to that produced in 347 
Welding conditions applicable to the 
two alloys are practically identical 











with no difference in welding speed 





or control of the operation 
Because of the definite shortag« 
of columbium and the lower cost of 





the titanium steel, we anticipate a 
trend to 321 in welded tubing for 
applications where heat resistance 
and freedom from carbides are the 
primary considerations. The use of 

- inert-gas are welding should pro 
RECIPROCATING, CONTROLLED ATMOSPHERE FURNACES mote the use of 321 tubing as a re 

SUITED TO WIDE RANGE OF GENERAL AND ATMOSPHERE WORK placement for 347 tubing 
VERSATILE. A.G.F. Reciprocating Furnaces are suited to continuous clean harden- as Der coe! { 
ing, annealing, normalizing, case-hardening by the patented Ni-Carb process, etc © +} . : rt hes Dit 
Work treated in the same furnace may range from extremely small light springs, _ a a “7 iv 
stampings, drop forgings, etc., up to quite large and heavy pieces Republic Steel Corp 
THE RECIPROCATING MUFFLE advances work through the heat by its own ; 
momentum. Heat losses and maintenance problems are reduced to a minimum by Seamless and Welded 
the complete elimination of conveying mechanism from the heating chamber. There 7." P ae 
is no traveling belt to be alternately heated and cooled — only work enters and Pubes in Britain 
leaves the furnace 
WM rite for Bulletin 815-41B today. BIRMINGHAM, ENGLANI 

In the manufacture of tubes we 


AMERICAN GAS FURNACE CO. dhl nc 
1002 LAFAYETTE ST., ELIZABETH 4, N. J. sateinne ae Sonntioee ties tn 


(Continued on p. 758 
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The Road to ‘/omorz0w 


In these troubled times, no one can safely 


forecast what tomorrow will bring. The road 
ahead may be steep and difficult, demanding 
courage and ingenuity to conquer the peaks 
that block the path. 


At Wisconsin Steel, we are doing our very 


best to serve our customers. Our capacity 
is strained to the limit and still we cannot 
produce enough quality steel to meet de- 
mands. But we will continue to stress qual- 
ity and to improve our products. We believe 
that is the way to overcome the obstacles 


on the road to tomorrow. 


WISCONSIN STEEL COMPANY, Affiliate of 
INTERNATIONAL HARVESTER COMPANY 


wT emalOoway 
waevestee® 


WISCONSIN 


180 North Michigan Avenue * Chicago 1, Illinois 


STEEL 
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Snecify THE JA C 0 Stainless Tubing 


PROJECTION COMPARATOR 
MICROPHOTOMETER (Discussions start on p. 691 


these materials are made here by 











hot extrusion and cold drawing 





and for compositions otherwise 
similar we find that Types 321 and 


. 
} SPEED 347 can be treated alike as regards 
or hot and cold working operations; 
! ACCURACY oa they give the same mechanical prop 


erties in comparable finished 


conditions. Techniques developed 

No longer must the practical spec- — A originally for the titanium-stabilized 
i steel are applied without change t 

trographer be uncertain as to the the columbium-stabilized variety 
line he is actually reading. There @ Improved Resolution Type 321 steels sometimes contain 
@ Greater Certainty nonmetallic inclusions that make 


is the line—in plain, full view— @ A Wider Density Range polishing more difficult and we 


WHILE IT IS ACTUALLY BEING @ Increased Comfort have on occasion found it easier to 
© High Speed get a good mirror finish with Type 


SCANNED. This is only one of 347, but this is not very often the 
@ A Wide Field of View determining factor in the choice of 


the many features of this precision @ Decciee Winoer Meaousement eitiaiel. 


instrument. Welded tubes are made from 


strip by the atomic hydrogen proc 





W rite for ess in both classes of steel; more 


‘ ‘orrectly, the demand for tl 
Catalog No. 1-4 a neh -rsetig - 


welded tube in Type 347 is small 
JARRELL-ASH co. and alist of purchasers and our experience is confined to 


some thousands of feet made on an 
165 NEWBERRY ST. BOSTON 16, MASS. experimental basis. We found that 
the two steels could be treated alike 
as regards welding speed, and that 
Hardness and Case Depth Our Services welded tubes could be subsequently 
Nitriding cold drawn with equal facility t 
ANYWE i ; > i) 3e nduct darder give the same mechanical properties 


in the softened condition or in the 








ble amounts of reduction In that 


ata, Mdlelst’ = Hardening = ae ba at as-drawn condition after compara 


at ealir ' g , relatively limited experience we 
wat Normalizing, Pack : had the impression that the colum 

gi pts 
vt r Ar Smee biume-stabilized steel formed a more 
ot ° pres Rs fluid pool under the are, and that 
the finished welds looked rathets 
smoother, but we do not know 


whether that is generally truc In 


a 





atomic hydrogen welding we did 
* Approved Steel Treating 


Eesiomen by U.S. Ais not observe the differences men 


borce Serial No tioned by Mr. Tyrrell in connection 
DE-S-24-1 through 30 with inert-gas welding, although we 
interpret that section of his paper 
to mean that he recognizes that 
those differences may be due t 
variations in composition other than 
the simple presence of the one 
Stabulizing element or the other 
Altogether, therefore, our expe 
rience indicates that Types 321 and 
$47 are alike as far as tube manu 
facture is concerned, and that the 
choice is a matter f initial cost 
ivailabilitys ind of serviceability 


n conditions peculiar to final use 


THE J. W. JENKIN 
es Manager 
Dept. of De spment & Resens 
Te bag ner d 


| «a S418 LAKESIOE AVE, CLEVELAND 14, onio HENDERSON 19100 : (Discussions contin 
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Dependable performance 
year after year with 


Hoskins Chromel -equipped Electric Furnaces 


There's nothing revolutionary about Hoskins brazing small tools and parts, it's economical to 
Furnaces, but you'll find them hard to beat when operate ...low in hydrogen and power consump- 
it comes to delivering useful electric heat. And for tion, quick on recovery. And it's equipped with 
good reason, too. Because every Hoskins Electric heavy-duty reverse “U" type heating units made 
Furnace is equipped with durable CHROMEL of long-lasting 1” by »%&~"” CHROMEL-A ribbon 
heating elements. Long-lasting elements that ‘ 

possess close-to-constant “hot” resistance be- So next time you're in need of good dependable 
tween 700° and 2000°F., that deliver full-rated heating equipment, get the facts on Hoskins 
power throughout their long and useful life CHROMEL-equipped electric furnaces. Our Cat- 
Dependable heating elements designed to give alog-S9R describes the line . . . want a copy? 
you uniform distribution of heat with maximum 

operating efficiency. Important, too, every 

CHROMEL element in every Hoskins furnace is 

formed in such a way as to permit quick and 

easy replacement. 


Take the Hoskins FK Brazing Furnace illustrated 


b ; P “aa d TYPE FR.206, 207,208 TYPE FR-251 TYPE Of.104 TYPE FR 
above, tor example ompactly designed for BOX FURNACE BOX FURNACE POT FURNACE = POT -~FURNACE 


HOSKINS MANUFACTURING COMPANY 


4445 LAWTON ave . DetTrrorr s MICHIGAN 
NEW YORK . CLEVELAND . CHICAGO 
West Coort Representotives in Seattle 


Sen fren los Angeles 


in Ceneda: Welter Metal Products, ltd... We , le nterie 


e 


chel-chromium resistance alloy that first made electrical heating practical 
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A TRIED and PROVEN 
SOURCE FOR 


TESTING 





BRINELL 

DUCTILITY 
COMPRESSION 
TENSILE 

UNIVERSAL 
TRANSVERSE 
HYDROSTATIC 
PROVING INSTRUMENTS 


and 
Special Testing Machines built 
to your Specifications. 





Send for 
this 


8835 Livernois « Detroit 4, Mich 


Without obligation send me your brochure 
on testing instruments. Also special folders on 
following types (check your interest 

] Brinell Hardness Ductility 
[|] Compression | Tensile 
] Transverse l | Hydrostatic 


} Proving Instruments 


NAME 


TITLE 
Attach coupon to your letterhead 
and mail 
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MACHINES 
J} 








Further British Experience 


SHEFFIELD, ENGLAND 

Although in the development of 
stabilized austenitic stainless steels 
in Britain additions of many ele- 
ments were proposed and tried, the 
type became essentially a titanium- 
bearing steel, to the exclusion of 
practically all other of the variously 
Columbium did 
not feature in the earlier attempts 
to obtain a steel immune from inter 
granular attack, 

rhe earliest aircraft specifications 


propose d additions 


for this type of material, for exam 
ple, DTD 171 (Nov. 1931), although 
including a bend test on a sample 
boiled in the copper sulphate 
sulphuric acid solution after reheat 
ing for 30 min. at 1200° F., included 
titanium in the list of additional 
elements which may be present at 
the option of the steelmaker, but it 
lid not include columbium, nor did 
i re-issue of the specification (Nov 
1932) It was not until a furthets 
issue in Oct. 1941 (DTD 171B) that 
columbium was included 

It can be taken, therefore, that 
there is considerable and extended 
experience with titanium-stabilized 
steels in Britain and that very large 
quantities have been successfully 
used in aircraft, chemical, textile 
and kindred industries 

In the American Types 321 and 
347 the carbon content is limited to 
OLR: and the addition of the 
metals titanium and columbium re 
spectively are related numerically 
to the carbon content In general 
the British specifications do not re 
strict the carbon content to such 
low values; for example, the Ais 
Ministry specifications allow 6.2 
max. and the British Standard “En 
Series” limits the carbon content to 
O15 max. for En 5&8-B, C, F and G 
of which B and C contain titanium 
wind | ind = «G columbium Both 
specification authorities require 
that the respective materials shall 
satisfy the boiling copper sulphate 
sulphuric acid test and both also 
specify a proportionate addition of 
the stabilizing element There are 
slight differences in the proportions 
of the stabilizing clements now re 
quired by the different specifications 

At the 


Ss engaged, experience shows that 


works where the writet 


the melting loss of titanium is not 


niin Jann “° 
f winued on | 
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Furnace Atmosphere 


You'll Always 
Know with a 


GORDON 


Furnace Atmosphere 
Indicator 


Do you depend upon badly scaled or de- 
carburized work to tell you that some- 
thing hos happened to your furnace ot- 
mosphere? And then spoil more work get- 
ting the atmosphere bock to where it 
belongs? 

A Gordon Furnace Atmosphere Indica- 
tor will watch that for you. It makes a con- 
tinuous, thorough check of the furnace at- 
mosphere, and as soon as it changes, the 
change is detected and indicated so thot 
quick necessary adjustment can be made 
it works on gas or oil-fired furnaces and 
in protective atmospheres on electric fur- 
naces. 

The Gordon Furnace Atmosphere Indi- 
cator works on the principle of the rela- 
tive thermal conductivity of gases. It is so 
simple and easy to use that top results can 
be obtained with shop or non-technico! 
personnel. 

Where a continuous record of atmos- 
phere readings is required, the indicator 
can be co-ordinated with o recorder. 

You con't offord to be without this in- 
strument any longer. 

Price, complete with U-tube 
and Somple Filter, 110 V, 60 C, $335 


Write for descriptive bulletin 
for full information 


$f SERVICE. >: 
CLAUD S. GORDON CO. 


Specialists for 36 years in the Heat - Treating 
and Temperature Control Field 


Dept. 15 © 3000 South Wallace St. Chicago 16, If 
Dept. 15 «© 2035 Hamilton Ave., Cleveland 14, Ohio 


AMA MM 





We are Specialists in > 


BIG CASTINGS ine 
for the Heat-Treating Field 


The efficiency and reliability of Driver-Harris casting 
procedures are in evidence in hundreds of plants thru- 
out the country, where retorts of cast Nichrome*® and 
Chromax*—ranging up to 5000 pounds in weight—are 
giving dependable service day in and day out. 


Our advanced welding techniques enable us to pro- 
duce high performance muffles of virtually any length 
desired. For example, Nichrome muffles almost 70 feet 


in length, composed of cast sections welded together, 
are performing as effectively as conventional size units ce 
cast in one piece. And our shaker hearth muffles, with 


bottom plate machined to specifications and top plate 
c 


welded in position, are giving outstanding service over 
I B B B ; ( New Model Cost Nichrome Rotery 


remarkably long periods of operation. Corburizing Retort. Wt.: 600 Ibs. 


The comparatively high rate of heat transfer of thin- 
walled Nichrome and Chromax, resulting in shorter 


cycles, helps speed up production. The reduction in 


weight made possible by these exceptional alloys, 


coupled with their Aigh Aeat and corrosion-resistant 


qualities, results in appreciably lower heat-hour costs. 


And heat-hour costs are the primary con- 
sideration. Heat-treating equipment that proves most 
economical in the long run—by delivering more hours of Seidiected ius Uheeme 
efficient, trouble-free performance—-is the most economi Shaker Hearth MuMe. Wt.: 595 Ibs. 


cal to purchase initially. For this reason, it will profit 





you to consult with us. We not only can put the highest 
grade nickel-chromium alloys at your disposal, bu:— 
with over 40 years of practical foundry experience to 


our credit—can give you sound and valuable assistance. 


Photos courtesy of 
American Gas Furnace Co. 


Nichrome ond Chromox are manufactured only by 


Driver-Harris Company 


HARRISON, NEW JERSEY 
BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, Sen Francisco 


*T.M, Reg. U.S. Pot. OF, 
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THE ULTIMATE IN PRECISION CASTINGS 


Phese intricate precision castings made from frozen mercury patterns assure 
vou of soundness accuracy close tolerances 60-80 micro finish and mini- 
mum finishing in size ranges not available by conventional casting methods. 


All ferrous and non-ferrous metals. Inquiries invited. Brochure on request. 


vercist| ALLOY PRECISION 
a2} CASTINGS COMPANY 


EAST th ST. AND HAMILTON AVE. . CLEVELAND Lt, OHLO 



































for Annealing — Hardening — Drawing 
Carburizing — Normalizing — 





@ Oil, gas or electric. 

@ Wide heating range. 

@ Simple—rugged—economical 

@ Rapid, uniform heating. 

@ Accurate duplication of heat- 
ing results 

@ Controlled temperature and 
atmosphere 

@ 18 standard sizes. 

@ May be provided with muf- 
fles, cooling chambers, doors 
at both ends, etc. 


Write for Bulletin 413. 


S. ROCKWELL COMPANY 


204 ELIOT STREET + FAIRFIELD, CONN 


types of batch or con 
strip and wire 
handling 


$; specio 


Vetal Progress: Page 762 








Stabilized 18-8 





(Discussions start on p. 691) 
constant but varies probably accord 
ing to the oxidation of the melt, the 
bulk and consistency of the slag, 
and so on. With a normal addition 
of 1% titanium the residual titanium 
in the finished steel will generally 
lie between 0.65 and 0.85%, although 
both higher and lower figures do 
occur. It is always found that no 
titanium is recovered from titanium 
bearing scrap included in the charge 
These remarks refer to electric-are 
furnace melts. 

rhe carbon contents of these 
steels are usually appreciably lower 
than the specified maximums, but, 
irrespective of the final analysis, 
each cast is tested for resistance to 
intergranular corrosion before it is 
allocated and put into production 
This “cast test” does not replace the 
tests carried out on the finished 
products, which are tested strictly 
in accordance with the relevant 
specification, but such “cast tests” 
are regarded as the criterion of the 
suitability of the cast. The analysis, 
as such, is not an infallible indica 
tion. It has not been found that 
titanium is progressively lost during 
the teeming of ingots from 20-ton 
are furnace casts. 

By comparison, the columbium 
vield is not so variable and about 
80% of the amount added is regu 
larly retained and something like 
75% is recovered from the serap 

Perhaps the most striking differ 
ence between titanium and colum 
bium additions is in their respective 
effects on the fluidity of the molten 
steel. The addition of ferrotitanium 
seems to cause a “thickening” so 
that the metal does not run so freely 
and it has been found that whereas 
a l?s or 2-in. dia. nozzle is neces 
sary for adequate teeming of the 
titanium-bearing steel, the colum 
bium-bearing tvpe can be satisfac 
torily teemed through a 1'2-in. dia 
nozzle As a result of the “thicken 
ing” effect, the surfaces of the 
titanium-treated steel ingots are not 
so good as the columbiimn-treated 
type, although it will be obvious, in 
view of the large tonnage of the 
titanium-treated steels that has 
been made, that the vields are com 
mercially economical. That apart 
the materials are not noticeably dif 
ferent in normal hot working 

Ir respect to cold rolling, no 
significant difference seems to exist 


(Continued on p, 764 














a ROUGH CASTING 





ROUGH Zizé7inn READY 





= 7 
nee | - W\== WORTHINGTON'S populor Heevy 
= F = Duty Superchorged 16 x 20 Diesel En 
= } gine is equipped with centrifugolly cost 
. — U bearing bocks supplied “os cost” for 
finishing by Werthington to its ewn 
ee. 
93 nan, specifications 
Wilf 
= [= —S 
t —S——" yj _——— 


ROUGH MACHINED SHELL 


FINISHED BABBITTED BEARING 


IN ROUGH FORM... “as cast”... ready for other 
specialists to fabricate or to finish—that’s how we supply 
castings to a growing list of America’s quality-minded 
industries 

These bearing backs, for example: Worthington Pump 
and Machinery Corporation uses them in their entire 
line of Heavy Duty Supercharged Oil, Gas and Dual 
Fuel Diesel Engines. We furnish the rough castings in 
random lengths of from 4 to 10 feet. Worthington 
finishes them — machines, tins and babbitts to their 
own specifications. 
shell with the following 


The result is a bearing 


distinct advantages: 


Metal mold centrifugally cast gray iron has high 
tensile strength and uniform grain «tructure highly 
satisfactory for tinning and babbitting the bearing 


lace. 


This soundness provides for uniformity of bond 
Minimum babbitt thickness assures efficient opera 
tion and maximum bearing life. 


Rough stings are annealed dead soft allowing 
matin mae 


chining cost to a mi um. 


ng speeds " r iron 
heeping 
The annealed gray iron centrifugally cast bearing 
back stock properly machined will not spring out of 
shape when split to make bearing halves. 


In the event of babbitt failure, the cast iron back 
won't injure the journals of the crankshaft. 


U. S. PIPE AND FOUNDRY COMPANY 


SPECIAL PRODUCTS DIVISION <3 


BuRLINGTON NEW JERSEY 


AMERICA’S LARGEST PRODUCERS OF CENTRIFUGALLY 
CAST FERROUS METAL PRODUCTS IN TUS 





ee Tel 





‘_- 


a 


f. 
is. 


+ 


6 Losses incurred in finishing are held to a minimum. 


Like to know whether metal mold centrifugally east iron, 
steel and 







ainless steel is the answer to your particular 
problem? Write and outline your tubular product 
requirements today. Our engineers will gladly forward 
the facts. 
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OHIO WELD SCREWS 


For Economical Spot Welding 
Ohio 
SS Spotweld Screws 
Thead Sizes, 
No. 6-32 to 4-20 


Materials:—Low Carbon Steel, 
Brass or Stainless Steel. 





For dependable Projection Welding 
Ohio GW and HW Weld Screws 


Thread Sizes, 
No. 6-32 to ‘2-20 
Materials :— 
Low Carbon Steel, 
Brass or Stainless Steel. 


For list of stock sizes and samples, send to 


THE OHIO NUT & BOLT COMPANY 
25 FIRST AVE. BEREA, OHIO 
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A Little Does a Lot 


GCC CERIUM METAL (Mischmetal) 


added in small quantities to many Fer- 


rous and Non-Ferrous Metals improves 
the metallurgical and mechanical proper- 
ties of the end products. 


Discover how a little does a lot by 
writing for our informative bulletins. 


GCCHa Lae 


—_——— «6EDGEVWATER, NEW JERSEY 
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(Discussions start on p. 691) 
between the work hardening rates 
of the two types of steel if the 
chromium-nickel ratio is the same. 
However, there seems to be a clear 
difference in the bend tests both 
close and reverse especially after 
the heavier reductions.* This indi- 
cation of reduced ductility in the 
columbium-bearing steel is not 
similarly reflected in the elongation 
values, whereas Mr. Tyrrell’s tests 
show lower elongation values for 
the columbium-bearing steel at 
temperatures up to 1000°F. These 
observations, however, taken in 
conjunction with the two stampings 
shown in Fig. 1 of the paper, do 
indicate some comparative lack of 
ductility in the columbium steel 

There appears to be no particu- 
lar preference among welders for 
either type of stabilization. In any 
event, several instances have been 
observed where the two types have 
been satisfactorily welded to one 
another in the construction of cer 
tain fabricated parts. There appears 
to be in this country a strong bias 
among welding rod makers in favor 
of columbium-stabilized rods 

Mr. Tyrrell’s observation on the 
relative resistance to oxidation of 
the two types at temperatures of 
about 1300° F. is interesting \ 
ferrotitanium alloy commonly tn 
use in this country and containing 
approximately 23 titanium will 
generally contain 7 to 10 alt 
minum. If it can be assumed that 
the allov used in America is of a 
similar type, may it not be that the 
improved oxidation resistance of the 
titanium-bearing steel is influenced 
by its aluminum content?) Mr. Ty1 
rell’s observation does not seem t 
have been generally noted in this 
country 

Because of the scatter fre 
quently found in creep test results 
extensive data are necessary for 
any reasonable differentiation to be 
made, but, from the somewhat lim 
ited data at his disposal, the writer 


would have (Continued on p. 766 


*Epiror’s Nott The writer 
this letter, Mr. H. Allsop, has sub 
mitted extensive tabular data showing 
results of tensile, close bend and re 
verse bend tests or three heat 
each type of stabilized steel Kact 
teel was tested afte nine differer 
reductions by old roll 
Mr Allsop dati: 
ipon request 
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ORGANIC 
SOLVENTS 


Alloy Castings for the 
HEAT-TREATING INDUSTRY 
Economical Fahrite alley 
castings con be made te 


withstand severe thermal 


Tells about ‘. shock. The grade of Fohrite 


* FLASH POINT + DRY TIME 
* TOXICITY - SOLVENT POWER 


aA. A. ‘T} 4 
Pp on the app 





Let our engineers and metallurgists 
anolyze the requirements 


No cost! No obligation! We'd like to present you of your correction 
with this handy 64-page handbook solely to ac- 
quaint you with your nearby member of the 


SOLVENTS & CHEMICALS GROUP 


problems. 


You'll find page after page in this book packed 
with information...written specifically for non- 
technical personnel. You'll find hundreds of defi- 
nitions, comparison tables, testing methods and HEAT AND cornosion Mi/fg hy 
product descriptions on a wide variety of organic : y: 
solvents in common use. And this handbook is in 

a convenient “pocket size’ easy to carry, easy 
to refer to! 

This book is yours absolutely FREE. And if you'd 
like further information on a particular problem, 
your nearby GROUP MEMBER will be happy to 
study your problem and make expert recom- 
mendations...all without obligation. Take advan- 
tage of this offer today. Call or write your nearest 
SOLVENTS & CHEMICALS GROUP MEMBER 
Order as many “Organic Solvent” handbooks as 
you need 


CALL OR WRITE TO THE MEMBER LISTED BELOW 


THE SOLVENTS & CHEMICALS GROUP 


ASSOCIATED FOR BETTER SERVICE TO INDUSTRY 


OFFICES AND PLANTS IN 


BUFFALO—BUFFALO SOLVENTS, Box 73. Station 8 BEdtord 1572 FOUNDRY CO. 


CHICAGO—CENTRAL SOLVENTS, 2545 Congress St Steley 3.0505 
CINCINNATI—AMSCO SOLVENTS. 4619 Reading Rood MElrose 1910 
CLEVELAND—OHIO SOLVENTS. 3470 W 140th St Twat 3770 
DETROIT—WESTERN SOLVENTS, 6472 Selkirk Ave ‘ 6350 
FORT WAYNE—HOOSIER SOLVENTS, Moumee & Bueter Rd hony 0213 


GRAND RAPIDS—WOLVERINE SOLVENTS 
1500 Century Ave SW 


HOUSTON—TEXAS SOLVENTS. 850! Morket Sr 
INDIANAPOLIS—HOOSIER SOLVENTS. 1650 Luet: St 
MILWAUKEE—WISCONSIN SOLVENTS, 1719 S 83rd St GReenfield 6 
NEW ORLEANS—SOUTHERN SOLVENTS, 1352 Jefferson Hwy Temple 
ST. LOUIS—MISSOUR! SOLVENTS, 419 DeSoto S* 





TOLEDO—WESTERN SOLVENTS, Central & Reynolds Rd 
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Tempilstiks 


A simple method of 
controlling temper- 
atures in: 


© WELDING 

© FLAME-CUTTING 

© TEMPERING 

© FORGING 

* CASTING 

© MOLDING 

*® DRAWING 

® STRAIGHTENING 

© HEAT-TREATING 
IN GENERAL 


it's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 
the Tempilstik® mark melts, 


the specified temperature has page ot up 


been reoched 
pond 





Available in these temperatures ( F) 





13 263 | 400 950 
125 275 450 1000 
138 88 500 1050 
130 300 | 550 1100 
ae 313 | 400 1150 
198 325 | 650 1200 
200 338 | 700 1250 
213 350 | 750 1300 
225 363 | 800 1350 
238 375 850 1400 
250 388 | 900 1450 




















FREE —Tempil® “Basic Guide 


to Ferrous Metallurgy” 
— 16%" by 21” plastic-laminated wall 
chart in color. Send for sample pellets, 
stating temperature of interest to you. 


ee} - ite). | 
«SERVICE 


CLAUD S. GORDON CO. 


Specialists for 36 Y ears in the Heat Treating 
and Temperature Control Field 

Dept. 15 « FS eS. Come 

= 15 © 2035 Hamilton Ave, Cleveland 14, Obie 
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(Discussions start on p. 691) 
thought that the columbium type 
was usually superior in this respect. 

There is no doubt that, with 
the exeeption of the special high- 
temperature alloys for specific pur- 
poses, and welding rods and some 
castings, practically all the needs of 
those industries requiring stabilized 
stainless steel can be adequately met 
by the titanium-bearing steels. That 
Britain has fulfilled her 
these 


needs in 
many years 
without serious recourse to colum- 
bium-containing steels is proof 
enough of the statement 
H. ALLSop 
Director of Research 
Brown, Bayley’s Steel Works, Ltd. 


directions for 


Stabilized Stainless Plate 


COATESVILLE, Pa. 

rhe experiences of Lukens Steel 
Co, in the production of plates and 
in the hot and cold forming of 
heads from plates of Types 347 and 
321 stainless steel are very much in 
line with those outlined in = Mr. 
Tyrrell’s paper. 

Type 321 is easier to roll into 
plate since it has greater plastic 
flow at rolling temperatures than 
347. Less difficulty also is encoun- 
tered in forming heads of 321 than 
of 347, due no doubt to its greater 
ductility at both high and 
pheric temperatures. 

Type 321 exhibits good welding 
characteristics as well as good re- 


atmos 


sistance to high temperatures, and 
is at least comparable to Type 347 
in these respects. 

It is the writer's opinion that, 
in view of the shortage of colum 
bium, promotion of Type 321 should 
be encouraged where weldability, 
rather mild 
formability, and high-temperature 
axidation are important factors 

J. G., ALTHOUSE 
Metallurgical Engineer 
Lukens Steel Co 


corrosion resistance, 


More on British Aircraft 


Epawanke, ENGLAND 
I am in substantial 
with Mr. Tyrrell’s lucid and well 
put argument for the use of titanium 
Stabilized and heat resisting 
of the austenitic chromium-nickel 
family. For 


agreement 


allovs 


American readers any 
comment probably should be pref 
aced by a note as to the British 


(Continued on p. 768) 
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Want to know 
more about 


ANALY SiS? 


Read this 
New 8-page 
ENGELHARD 

BULLETIN 


Look at these 
Data - Packed Pages 


YOU WILL FIND a wealth of ma- 
terial on a wide range of gas anal- 
ysis problems and their solutions 
in the new Engelhard 8-page illus- 
trated bulletin. It explains how 
Engelhard equipment provides 
complete, sensitive, accurate anal- 
yses by the proven thermal conduc- 
tivity method. The bulletin also 
contains a valuable thermal con- 
ductivity table that you will want 
to keep for handy reference. Write 
for your free copy today. Ask for 
Bulletin 800A. 
Se eee eee eee eee eee eaanaeaee 

Please send me FREE copy of Bulletin 
800-A on Gas Analysis. 


Name 

Company 

Address 

City : Stote 


CHARLES ENGELHARD, INC. 


B8SO PA T NEWARK WN 





ow! Another BsA First! 


BsA HYDROFLUORIC ACID 
Packaged in New Plastic “Jug” 


For Industrial Use 


B&A pioneered packaging chemicals in plastics 
when it introduced its famous laboratory Safte- 
pakt for BRA Reagent Hydrofluoric Acid. 

Now, B&A offers industry Hydrofluoric Acid 
and other liquid chemicals in an exclusive new 
plastic container designed to hold ten pounds of 
acid. This special container, weighing only 2 
pounds, overcomes the difliculties previously ex- 
perienced with the old-fashioned heavy lead jugs 
Review the many advantages outlined! Consider 
what they can mean to you. Then order your HF 
requirements from BSA today 


} Chemical Trade Mark 
Note these 8 hig special features! 


] Economical —Lower tare weight for each 10 pounds 
of acid purchased 

2 Stronger Sater — Bottle molded of shatter-proof 
plastic. Won't develop dangerous leaks common 
to lead containers 
Lighter No excess weight —Two pound “jug” holds 
10 pounds of acid. Compare with 17 pound lead 
container holding same amount 
Easier to handle —Convenient size and light weight 
nsure ease of lifting and pouring 
Easier to open —Screy « plastic cap makes re 
closure easy; safeguards against spillage leak 
age; protects purity. Compare with hard-to-remove 
rubber stopper on lead container 
Easier to pour —Special bottle design and pouring 
lip insure clean, accurate dispensing 

Acid resistant — Entire unit made of polyethylene 

highly re lant to aquee Hk. other acids 


‘ Acid level always visible Translucent plastic elimi 





gu swork masuring ticks 


PACKING: Four bottles cell-pocked in stondord returnable wooden shipping cose easy to hondle... easy to store. .. easy to 
return. Single bottles available in sturdy wire-bound box 


REAGENTS 


BAKER & ADAMSON Ave Gemicale 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
“——s=—— 40 RECTOR STREET, NEW YORK 6, NW 


on A “A * Re 


* « 


Ia Canada: The Nich Che 


FINE CHEMICALS 
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¢ Better Paint Jobs 

e Better Electroplating 
¢ Better Finishing 

¢ Better Products 


Slash 
bottom in your plant! Amazing 
Pangborn Hydro-Finish cleans far 
faster than hand methods, yet 
holds tolerances to .0001''' Hydro 
Finish cannot harm your product's 


finishing costs to rock 


sharp edges or corners, forms a 


perfect “tooth” for non-peel ele 


troplating, finishing or painting 


Hydro-Finish makes threaded 
pieces turn easily forms millions 
of little “oil pockets” in lubricated 
pieces to prolong product life 
Fatigue failure is reduced because 
Hydro-Finish removes or blends 
grinding lines, etc! 


Hydro-Finish is also v 


your tool room 


tluable in 
cleans production 
tools and dies in a fraction of the 
time needed for expensive hand 
cleaning 


WRITE TODAY for Bulletin 1400-A 
Contains full facts on Pangborn 
Hydro-Finish and 
Abrasive For your free copy 
address: PANGBORN CORPORATION 
1800 Pangborn Bivd 
town, Maryland 


ng 


BLAST CLEANS CHEAPER 
with the right equipment 
for every job 


Pangbornite 


Hagers 
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(Discussions start on p. 691) 
equivalent of the American Types 
$21 and 347, and their changes in 
composition during the past dozen 
years. This is summarized in the 
wcompanyving table. 

It will be noted that in the first 
two versions no mention is made of 
a Stabilizing element, although such 
was usually necessary particularly 
with the higher carbon casts. Free- 
dom from intergranular embrittle- 
ment was safeguarded by a_ pickle- 
bend test 

Incidentally, even with the latest 
compositions the pickle-bend test is 
still a mandatory requirement. It 
will be appreciated, however, that a 
test of this nature can only control 
freedom from embrittlement at the 
temperature and conditions of test 
and need not necessarily indicate 
proof of satisfactory behavior at 
other temperatures. A test to cover 
all conditions is deemed impracti- 
cable and for this reason service 
experience is of greater importance. 

In British specifications the anal- 
ysis range is generally wider than 
in the American counterpart mainly 
because greater control is exercised 
in other directions, either by heat 
treatment and/or specified mechan- 
With the type of 
question, however, the 
omposition range has gradually 


tical properties, 


stecls in 


been tightened and is now compara- 
tively closely controlled although 
carbon content, a most important 
variable, is still wider than in Types 
321 and 347 


manufacturer 


Generally, while no 
produces a steel ap- 
proaching the maximum permissible, 
the carbon content of the British 
Is is somewhat higher than the 
American, being of the order of 
O07 to O12 rhis higher carbon 


stee 


range makes stabilization against 
“weld decay” or intergranular em- 
brittlement more important, and de 
mands the use of carbide formers 
such as titanium or columbium 
Hence the change to the postwar 
composition shown in the table. 

Preference for Titanium in 
Welded Structures Before the 
1939 World War, titanium was almost 
universally used for stabilizing stain 
less steels. Although the use of 
columbium is increasing, owing 
chiefly to American influence as a 
result of the consumption of large 
quantities of American sheet during 
the war, titanium is still the pre- 
ferred and more generally used sta- 
bilizer. Briefly, the main reasons 
for this are: Firstly, because the 
British are conservative in outlook 
and are slow to change already 
well-established practice; secondly, 
columbium is more expensive, in 
short supply, and is required for 
more important applications; third- 
ly, less titanium is required; and 
fourthly, the fabricator, and in par- 
ticular the welder, prefers titanium. 

This last may be due, to some 
extent, to inexperience in welding 
with columbium-bearing material, 
although columbium-bearing weld- 
ing rod and fluxed wire have been 
in use for many years. The fact 
remains, however, particularly with 
thin-gage aircraft sheet, that more 
care has to be exercised to produce 
a clean, uniform weld, and greater 
difficulty is experienced in repairing 
welds in columbium-bearing mate- 
rial. The difficulty appears to be 
emphasized when welding colum- 
bium-stabilized material of widely 
dissimilar thicknesses. 

From these remarks it must not 
be inferred that columbium-stabilized 
material cannot be used for welding 
purposes; much of it is already in 
veneral use. On the other hand, 
wherever a difficult weld cannot be 
avoided by design changes, there 
does seem to be a preference for 
titanium. (Continued on p. 77% 


Compositions of British Stainless Steels for High-Temperature Weldments 





ELEMENT 
Pre-1939 War 
First 


16.0 20.0 
7.0 12.0 
0.20 
0.20 
1.00 
0.05 
0.05 
NS 
NS 





BriTIsH EQUIVALENTS TO TYPES 321 AND 347 


WarTIME CHANGES 


DTD 493 
PosTWAR 
SEcOND 


16.0 20.0 16.0 20.0 20.0 26.0 
7.0120 8.0 120 14.0 22.0 
0.20 0.16 0.20 
0.20 0.20 0.20 

1.00 1.00 
0.05 0.045 0.05 
0.05 0.045 0.05 
5x %C 0.50* 

NS 10 cr NS 








*Not less than 5 
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Alternative 





For New 


CONVENIENCE 


in Laboratory Apparatus 
more ease, range, speed— 


Speciby Precision 
to be Surv 





PRECISION Semi-Auto. Specimen Mounter. Trim, 
self-contained unit with air-cylinder, automatically 
maintains pressure on specimen mount (no hydraulic 
jack), relieves operator. Dual thermostatic heat control, 
PRECISION Electrolytic Polisher offers new con- pre-set air control, bell curing-timer. Soves space and 
venience in making “quickie” tests by micro-appraisal trouble, does best mounting. Bulletin 5-713 
of many metals and alloys. Cleans’ entire surface in 
less than 2 minutes, without etch-patterns or special 
electrical equipment. Greater volume, faster; lower 
cost. Bulletin 5-936 
Other pre-tested products in the broad 


Precision line—‘‘utilities’’ to highly 
specialized instruments—can make your 
work easier, surer, more economical. 
Think which of your equipment needs 
replacement, where your facilities 
should be extended . . . 


Onder from your Dealer NOW! 


or write us for details on above or 
your individual problem today 


Precision Scientific Company 


3737 W. CORTLAND STREET—CHICAGO 47 


' FINEST Research and Production Control Apparatus 


NEW YORK + PHILADELPHIA - ST LOUIS « HOUSTON + SAN FRANCISCO 





November, 1950; Page 769 





NOW 


You can afford 


High Vacuum ° 
Furnace 


This ONE 


Versatile Unit lets 
you melt, pour, 


heat treat, degas 











FEATURES— 


@ Ultimate vacuum of less than @ Constant temperature zone 
furnace that does away with the need 5 x 10-5 mm. Hg. 6" x 2%" dia. 


A: last there is now available a single 





to purchase equipment for each phase @ Working temperatures up to @ Power supplied directly from mains 
of your high-vacuum, high-temperature 2000° C. to specially-designed variable auto 
: : transformer which is an integral 


work. Because of its modest price, it @ Temperature controllable 
part of unit. 


rig 
will fall within the budget of most within — 5° C. 

laboratories @ Hot zone reaches temperature 
within one minute 


Either manual or automatic temper- 
ature control or both 

With this new furnace you can melt 
and solidify — melt and pour — add to 
the melt — stir — look into the hot 
zone — measure hot zone temperatures 


Thermocouple vacuum gage is 
standard equipment. Other gages 
i" purifying type diffusion pump in- are available. 

sures high capacity for out-gassing. 


No refractories used in hot zone 


Furnished complete with vacuum 
Utilizes single turn low voltage re- system, controls and gages includ- 
sistance element of either tungsten ing ammeter, volt-meter and tem- 
— degas — heat treat. It’s a complete, or molybdenum 8" x 24" dia perature indicator. 


versatile unit, capable of handling the pp 
widest ariety of metallurgical research a as seastelliiaeaa ee 
work. Write today men ¥ . mine vores = essa 


— introduce controlled atmospheres 














National Research Corporation 


Seventy Memorial Drive, Cambridge, Massachusetts 
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wae PRODUCTION UP 832 
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Also Provides Close Tolerances, 


A glance at the above figures--taken from an 
actual production run—will reveal the amazing 
production increases which are possible when 
ordinary screw steel is replaced with LALED— 
the fastest machining steel you can buy. 
LALED is an entirely NEW steel, unlike 
anything produced before. It hos a unique 
composition which allows startling machining 
speeds. However, it offers much more. Being 


SalleEllin 


Manufacturers of the Most Complete Line of Carbon 
and Alloy Cold-Finished and Ground 


and Polished Bars in America 





ON THIS INTRICATE TEXTILE 


ww 


he - 
Fine 7* 


MACHINE PART 


Corburization 


an open-hearth steel, it has a much sounder 
cross section than Bessemer. Its good ductility 
and surface quolity permit bending, crimp- 
ing, and riveting operations impracticable 
with Bessemer steels. And, LALED machines 
to a fine satiny finish and provides closer 
tolerances. LALED is available cold-finished 
—in rounds 5/16” through 3°; in hexagons 


5/16" through 1%”. 


WRITE FOR DESCRIPTIVE PAMPHLET 


LaSalle Stee! Co 

1424 150th Street, Hammond, indiana . j 
Pease give me more information on how LA-LED can in- 
crease production ond cut the cos! of screw mochine ports 
in my shop 

Name 

Title 

Company 

Address 

City 


dtu 
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Heating Safety B O OK S on 


PROTECTS NONFERROUS METALLURGY 


THESE LEADING VOLUMES PUBLISHED ON THIS SUBJECT 
WILL HELP 


YOU KEEP A Thorough Treatment Of One Of The Earliest 
ABREAST OF Metals To Be Found And Used By Man 


MODERN Copper and Copper Alloys 


By Owen W. Ellis, Director, Dept. of Engineering and 


DEVELOPMENTS Metallurgy, Ontario Research Foundation, Toronto 


TABLE OF CONTENTS 


The Metallurgy of Copper . Ores . Recovery . Reduc- 

tion Pyro-Metallurgy Crushing and Concentration .. . 

Furneces . Melting of Copper and Its Alloys . . Factors 

which Determine Melt Quality Complex Alloys of Copper and 

Zinc . Influence of Ferrous and Nonferrous Metals on Brass 
. Other Alloys of Copper 











175 pages illustrated 6x9 red cloth $3.50 








YOUR 
INVESTMENT 


The Alnor Pyrotac excess temperature 
cut-off offers you low-cost, automatic 
protection against damage due to 
excessive temperatures .. . safeguards 
your investment in heating equipment 
and materials in process. 

Simple in operation, the Pyrotac 
constantly indicates temperature of the 
heated equipment and sounds an 
alarm and/or shuts down heater cir- 
cuits at a safe temperature. It may also 
be used as the only control on a proc- 
ess that requires a shutdown upon 
reaching a final temperature. Avuto- 
matic thermocouple break protection 
assures safety if thermocouple or ex- 
tension wires should break or burn out. 

Available in scale ranges from 
0°-600° F. to 0°-3000" F. and Centigrade 
equivalents. 

An Alnor quality instrument of POSS RESAS SORES SESS SESS OSS SSSEEF 
laboratory precision and husky con- 
struction; yet the price is only .. . 


585 —far lower than for ordinary 


inaieddnnte wl Cit tenes The American Society for Metals 
7301 Euclid Avenue 
Cleveland 3, Ohio 
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“An Excellent Book . . . We Consider It A 
Very Fine Addition To Our Extension Library” 
— UNIVERSITY OF SOUTH CAROLINA 


The Story of Magnesium 


Dow Chemical Company 


The Story of Magnesium has been written in simple 
phraseology. This volume has been reader-tested and 
is within the educational range of high school students 
and workers in industry The author is a recognized 
expert in his field. Authoritative, factual, scientifically , 
accurate, readily understood and interesting. New tech- 1+ 
nical terms are referred to the glossary, where they are } 
readily defined. Each chapter has a series of questions, j 
with page locations of the answers. Suitable for use as ; 
self-educational material, as supplementary reading, and , 
as texts for plant courses. To aid instructors, the illustra- 4§ 
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By W. H. Gross, Member Technical Service Dept., ‘ 
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tions have been made into a film strip which is available 
at low cost rental from the publishers 





272 pages .. 544x744 red cloth .. net price .. $2.00 
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Ask your Alnor Representative for com- 
plete details or write for bulletin that 
contains full deccription and wiring die- Please send me the following @ books 
groms thot show actual applications. Copper and Copper Alloys 


Story of Magnesium 
NAME 
COMPANY 
Ilinois Testing Laboratories, Inc. ADDRESS 


Reem 523, 420 N. Le Salle St. + Chicago 10, Illinois CITY ZONE STATE 


PRECISION INSTRUMENTS BILL COMPANY 


BILL ME CHECK ENCLOSED 
FOR EVERY INDUSTRY 
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ial Pi “SHORTAGE” nee GENERAL ALLOYS AT 


yields to no one in Pioneering High 
Chrome Alloys 


We are morally responsible to serve our customers with the NATIONAL METALS EXPOSITION 


best products we can produce. Most alloy users recognize their 
moral responsibility to reserve their scrap alloy castings for 


their casting suppliers, not sell them to profiteers or those LARGEST AND ONLY CONTINUOUS 


engaged in circumventing anticipated Government allocation 
I yond this, they recognize that the continued function of their ALLOY CASTING EXHIBITOR FOR 
heat treats is utterly dependent on the continued supply of 
good alloy castings and ade quate spare parts to protect against 


breakdown 
D es the Government have a moral responsibility not to close 
down small indust losing specialized labor and engineers 
inless such p . ure would serve the national interest . 


e that the Government is so naive that it does 
that a 20¢ increase in nickel prices, and that 
‘stock-piling”) of nick would not bring wild profit Acknowledging the re ponsibility of leadership, General All 

eering in nickel scrap and a hopeless mix-up in scrap and it exhibited as us for the 3 consecutive year at the mair 
normal fi > Yet, there has been nothing done to peg scray entrance of the tional Metals Exposition More Engineered 
prices, which, instances, have increased 400° High Temperature Tooling and diversified heat and corrosior 
Clearly, if we are in a “National Emergency” through inade resistant castings were shown in the booth than elsewhere 
quate nickel production and failure of the Government to stock in the entire Show 
pile nickel, it is as necessary to control scrap as to control new e salute those « etitors who hac courage to part 
nickel (In the last war, nickel scrap was pegged at 26 cent pate in the Show pite the chaotic mess land nicke 
against 32 cents for new nickel.) scrap which Was t ist on tl ndustry an j ustomer 


een, to date, to melt virgin nickel, e sympathize with those who were forced to withdraw fron 


wn scrap only in our lower grade the Show by the crippling of their operations and/or their 

ome other producers, however, regularly use large quar inability to accept orders in a rising demand for their product 
crap and ever s nickel were hit even harder by in all the basic industries vital to Defense and in the projecte 
curtailment of nickel (to cuspidor platers and basic indu rise of defense productior 


alike) by Government action, and they are in a mad I you visited » GA the Chicago Show yo 
tand the « standing 1 reas that reasearch and devwe 
huge profits must be refl ' ] gu perimpos , } 
bviously the substan< all our product M 


action and inaction ] Uniti this date —— loys’ me urgical quality } 

nt rrave hazard to hes aes scrupulously ma ' on X-ite by largely disconti 
X-Alloys If, a ee! probable, production of substan 

Mials are sti alloys is forced upon us and upon you by Government regula 

ome relief mé appear tion, we will clear! lentify such castings 


ir scrap alloy castings f« 


for scri f-preservation We may soon jx 


years ‘ ice, have brought 


overnment off 


take your chances On what 
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The main disadvantages in the 
use of titanium are oxidation losses 
at the weld, and also that part of 
the titanium may be present in the 
steel as nitride and so does not 
exert any stabilizing influence. 

Until comparatively recently the 
majority of experience in fusion 
welding has been with gas welding 
and later with the metallic are 
where oxidation losses are of some 
importance. By the increasing use 
of inert gas atmospheres, such as 
are produced by atomic hydrogen 
and the argon arc, this criticism is 
of less significance. 

Effect of Lower Carbon Content 

There is a gradual leaning in this 
country toward a lower carbon 
stainless steel of the order of 0.03 to 
0.05% C. This will eliminate, for 
many applications, the need for sta 
bilization, This trend will help in 
many respects, in that steelmaking 
will be simplified, forging and roll- 
ing made easier, as well as fabri- 
cation simplified in the consumer's 


plant. Moreover, a higher standard 
of finish, free from titanium segre- 
gation so often disclosed toward 
completion of manufacture, will 
also be possible. 

There is, however, one distinct 
drawback from the aircraft design- 
er’s point of view. As part of the 
design procedure of structural com- 
ponents a design factor is employed 
based either on 06.1% proof stress 
(or on ultimate tensile stress, which 
In the case of 
stainless steel the 0.1° 
proof stress is the operative value, 


ever is the lower). 
softened 


and with existing specifications the 
minimum figure is 13 to 15 tons per 
sq.in. (29,200 to 33,600 psi.). With 
stainless steels containing 0.03% 
carbon this property would be re- 
duced to the order of 10 tons per 
sq.in, (22.400 psi.) —a serious reduc- 
tion where weight is of paramount 
importance. 

Elevated Temperature Properties 

With the introduction of gas tur 
bine engines a further influence 
comes into play in regard to prop- 
erties at elevated temperature. Hith- 
erto the emphasis has mainly been 
on the use of a stable and scale re- 
sisting steel, but with gas turbines 
a wider field of application becomes 
available and some improvement it 


hot properties is of considerable 
interest. 

For example, the use of either 
titanium or columbium can have a 
pronounced effect, given a suitable 
thermal treatment, and will provide 
adequate creep performance for 
many applications where previously 
a more expensive and complex steel 
has been necessary. In this direc- 
tion it is suggested that more effort 
be put into research to determine 
a useful general-purpose and com 
paratively cheap alloy with heat 
and scale resistance for use in tur 
bine parts where temperatures are 
Much work is 
already being done, one instance be- 
ing the use of molybdenum-bearing 
steels for this purpose, but the scope 


relatively moderate. 


is wide. 

4 considerable quantity of the 
18-8 type of heat resisting steel 
(DTD571) is used in sheet metal 
parts such as tail pipes and exten- 
sions, rear cones, deflector and baffle 
plates on the turbine and, wherever 
possible, for exhaust manifolds and 
collector rings on piston engines 
This steel is quite adequate for tem 
peratures up to 700° C. (1300° F.). For 
higher temperatures a steel somewhat 
similar to the American Type 310 

(Continued on p. 776) 
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is used, namely, the DTD493 shown 
in the last column of the table. Its 
higher chromium content improves 
the scale resistance; temperatures 
up to 850°C. (1550° F.) are quite 
permissible. It should be mentioned 
that this specification is also being 
brought into line with the 18-8 type, 
in that the stabilizing elements tita 
nium or columbium are to be speci- 
fied in relation to carbon content. 

High-Strength Alloys at Elevated 
Temperatures With regard to 
titanium and columbium in high- 
strength, high-temperature applica- 
tions for gas turbine rotating blades, 
and in like situations, British prac- 
tice differs fundamentally from 
American. In this country universal 
use is made of the wrought “Ni- 
monic” alloys (nickel-base with 
20° chromium, containing titanium 
and aluminum as precipitation: ele- 
ments) and there does not appear 
to be any likelihood of a change for 
established engines, at least in the 


being developed and tested; how- 
ever the only alternatives contain 
high proportions of cobalt and for 
this reason are not encouraged 
K. W. CLARKE 
Central Laboratory 
De Havilland Aircraft Co., Ltd. 


Steps Toward Conservation 


SHEFFIELD, ENGLAND 

The challenge implicit in Mr. 
Iyrrell’s article is a_ particularly 
useful one to face at the present 
time when it is appreciated that 
columbium would be in very short 
supply if a full-scale war emer- 
gency occurred and when in any 
case its better utilization is prudent. 

It is significant that during World 
War Il the Germans reserved their 
slender stock of columbium for add- 
ing to welding wire (and maybe 
plate material) for welding only the 
most critical chemical vessels, which 
presumably operated at the highest 
temperatures. British experience 
bears out the fact that columbium- 
bearing stainless steels are prefer- 
able under such conditions, but 
there would be no hesitation in 
adopting titanium-stabilized steels 
in a national emergency when 
economics and the life of a plant 


In what way is columbium- 
stabilized steel or welding-rod mate- 
rial superior to titanium-stabilized? 
The answer is twofold. Firstly, 
titanium oxidizes more rapidly than 
columbium when the steel is molten 
during arc welding and the titanium 
carbide will dissociate to form 
titanium oxide and quite probably 
titanium nitride. Very often there 
is present some aluminum derived 
from the ferro-alloy, which oxidizes 
to alumina. Some additional alu 
mina may also be present and thus 
inclusions in titanium-bearing steels 
are often rich in both types of 
oxide, besides some titanium nitride 
The nitride can form a continuous 
series of solid solutions with the 
carbide and this in turn can give 
rise to the titanium cyanonitride, 
salmon-colored cubic crystals often 
seen under the microscope. If the 
steel containing these unwanted 
constituents is highly stressed and 
subject to fatigue in alternating ten- 
sion or bending, it has been rea- 
sonably contended that failure is 
promoted by these metallurgical 
stress-raisers. For this reason some 
British valve steels for internal com- 
bustion engines have to be supplied 
free from all titanium additions. 
Columbium is permitted, and indeed 


immediate future. Other alloys are could be regarded as secondary. 
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The ASM-ALA Metallurgical Literature Classification 
is a subdivided outline of the entire science of metallurgy 
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35 East Wacker Dr., Chicago 1, IL 
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with 
much benefit, to eliminate progres 


is added in small quantities, 


sive embrittlement 

Turning now to are welding, 
when using columbium we find that 
the columbium carbide is remark 
ably stable even when the metal is 
molten, and that the weld metal 
contains about 75 to 85% of the 
expected columbium content. Recent 
work has shown, however, that the 
excess columbium (over and above 
that required to combine with the 
carbon present) combines with the 
iron and silicon present to form 
new brittle intermetallic phases, the 
incidence of which seems to be one 
of the main causes of weld-metal 
cracking in austenitic steels of the 
347 type. A forthcoming publication 
by E. Bishop and W. H. Bailey will 
deal with this aspect of the matter, 
but in passing it is highly probable 
that some of these phases were 
present in the 347 steel used by Mr. 


Iyrrell, and may have influenced 
his formability tests, because on the 
average 85% more columbium was 
used than was needed to combine 
with the carbon alone. Whether 
titanium in excess produces similar 
intermetallic phases is at present 
labora- 
The most important deduction 
to be drawn is that better results 
will be obtained with some colum- 
bium-bearing steels with less colum- 
bium for a given carbon content, 
thereby saving the rare element and 
improving the performance of the 
component. In some steels, it is de- 
sirable to reduce the silicon content 
as well to below 0.25° 

Recent British work shows that 
some of the well-known gas-turbine 


under investigation in my 


tory. 


blade steels containing up to 4% Cb 
would be improved if this content 
were lowered. The fact that weight- 
for-weight some 
tantalum drop in per- 
formance proves this; otherwise the 
(Cb + Ta) content would need to be 
increased above 4% total because 
approximately twice the weight of 
tantalum is required to replace a 
given weight of columbium on the 
likely basis of an 
substitution, 

It appears that the proper ap- 
proach to columbium conservation 


replacement by 
shows no 


atom-to-atom 


might well be along the following 
lines: 

1. To use titanium-stabilized 
steels wherever possible 

2. To examine critically the 
present steels containing columbium 
and to reduce the rare element con- 
tent, with likely advantage in some 
cases, 

3. To explore the partial substi- 
tution of columbium by tantalum, 
which is expected to be quite suc- 
cessful for most applications, with 
the possible exception of critical 
arc-welded fabrications. (A ratio of 
1 Cb to 2 Ta may ultimately be 
feasible.) 

4. To reserve the columbium 
supplies for those critical materials 
and applications where an ample 
case has been proved, if necessary, 
by fresh observations. 

5. To foster “good housekeeping” 
by tighter regulations governing the 
segregation and return of scrap that 
contains columbium and, if neces- 
sary, to arpange on a national basis 
for clippings or turnings to be de- 
greased and remelted into ingot 
form, either for direct use or for 
remelting, using high-frequency 
induction furnaces so that carbon 
pick-up is obviated. 

It would appear useful for atten- 

(Continued on p. 780) 
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The broad conclusion is that Going beyond my original thesis 
columbium-bearing alloys can concerning columbium conservation 
Conservation of Ch almost always be replaced success- in Stainless steel, several British 
fully by alloys containing less co- writers have questioned the need 
lumbium or no columbium. Usage for columbium in gas turbine 
of less critical alloys is not only blades and have referred to the 
being discussed but is long-standing successful use of titanium as a hard- 
practice in Britain and is now being ener in these superalloys. Specific 
widely adopted in the U. S. study of such applications might 

For aircraft components in which well be considered one of the next 
columbium-stabilized stainless steel tasks because a sudden disruption 

has been found satisfactory, tita- of shipping schedules could seri 

DONALD A. OLIVER nium-stabilized steel can be used ously endanger production of jet 

Director of Research , : 

William Jessop & Sons, Ltd. with no apparent effect on service engines for military aircraft. 

life and with either no effect or a In regard to chemical applica- 

beneficial effect on productivity. tions, my original article contained 

The need for stabilization has been a gross misstatement concerning the 

by the Author, discussed pro and con from the use of titanium-stabilized steel in 

J. F. Tyrrell standpoint of selection criteria and the chemical process industries. 

. service performance. In this sum Well-qualified discussers have point- 

San Dieco, Cauir. mary, | would merely emphasize ed out that Type 321 steel is not 

The editors of Metal Progress J. B. Johnson’s brief statement that only satisfactory for a great many 
have asked me to summarize the pickling causes embrittlement of uses in the chemical industry but, 
topic “Conservation of Columbium” unstabilized steels. Aireraft com in particular, has given completely 
by citing highlights of the discussion, ponents — particularly in military satisfactory service in many items 
without commenting individually on planes —are cleaned periodically of plant equipment serving in con- 
the many valuable contributions. for inspection and weld repair by tact with nitric acid. It is well to 
In such a summary I would give immersion in strong acid solutions, have the record corrected on this 
priority of place to the matter a routine procedure sometimes re- important matter. Also, it is com- 
of service performance in specific quired at temporary repair stations. forting to know of the superior 
applications. Many of the commen- In this exaggerated sense, aircraft service performance of unstabilized 
tators have written from this point parts do “fly through acid solu- 18-8 with carbon less than 0.03% 
of view; the sum total of their dis- tions”, and these solutions do cause in chemical process solutions. 
cussions represents a sufficient basis intergranular corrosion and embrit- On the production side, two 
for definite conclusions. tlement of unstabilized steels. (Continued on p. 782) 
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tion to be focused on these pos- 
sibilities, and it will be of great 
interest to note what measure of 
agreement can be reached rapidly. 
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T.. “bones” in this skeleton are square steel tubes, welded 
together to make a stiff, rigid frame. The idea, used here to 
form a truck body, is easily adapted — you may find it 
profitable 

In this instance, the tubular construction, developed with 
the help of Frasse specialists, replaced a complicated system 


of bolted channels, gussets, cross fittings, angles and similar 
parts. Result? A stronger, more rigid, squeakless body—25% 
lighter, with more capacity for pay load . . . faster, neater 
assembly . . . greater flexibility of design .. . and 3 items to 
inventory instead of 60 

While mechanical tubing is widely used “to save ma- 
chining the hole’’, it is equally handy for structural use. It 
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(Discussions start on p. 691 
principal problems have been dealt 
with in discussion inclusions in 
wrought material and melting prac 
tice in the foundry Regarding in 
clusions, the most hopeful comment 
has come from D. H. Wiese and H. 
W. Cooper I can confirm their 
statement that much progress has 
been made in cleaning up the tita 
nium-stabilized steel During the 
last two years, Solar Aircraft metal 
lurgists have frequently found that 
321 and 347 can no longer be distin 
guished by their inclusion contents, 
as Shown by routine metallography 
on random samples. Prior to about 
1948, and especially during the war 
vears, careful microscopic examina 
tion would usually indicate whether 
any given sample was 321 or 347. 

The decrease in inclusion con- 
tent of 321 steel is a credit to the 
ingot producers. Stainless steel 
foundries are also making a com 
mendable approach to their produc 
tion problems, and | Gregory's 

(Continued on p 784) 


Fuel Manifold for the Westinghouse J34 Turbojet Engine. Cast- 
ing, about 15-in. diameter, made from titanium-stabilized steel 
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description of the melting practices 
used at Edgar Allen & Co., Ltd., 
should be of specific value to Amer- 
ican foundrymen. 

Solar Aircraft Co., using induc- 
tion furnaces, has developed a cast- 
ing process generally similar to that 
described by Dr. Gregory. However, 
to eliminate the excessive dirtiness 
and low fluidity normally associated 
with Type 321, Solar has devised 
modified alloying practices that 
eliminate most of the detrimental 
impurities. The process, for which 
patent is pending, produces an im- 
proved casting alloy within the 
specification range of Type 321 but 
which is easier to cast than Type 
347 and is less subject to the for- 
mation of hot tears. 

A fuel manifold for the Westing- 
house J34 turbojet engine is shown 
in the illustration on page 782. In 
previous castings of this part, using 
Type 347, great difficulty was ex- 
perienced in attempting to eliminate 
hot tears, even when temperature 


and composition were held to ex- 
tremely close limits. On the con- 
trary, with Type 321 cast by the 
Solar process, no hot tears have as 
yet been encountered, even under 
adverse pouring conditions. Though 
a certain amount of fading of the 
titanium takes place, this can be 
controlled by adding properly sized 
ferrotitanium. A representative heat 
log showing titanium content of 
samples as a function of time after 
addition of the ferrotitanium is as 
follows: 

TIME T1 Y.S. 
0 * 
38min. 0.32¢ 
5 0.45 

7 0.53 
t 0.65 

0.68 
0.72 38,000 : 40 
0.66 

0.66 

*0.80% Ti added at one time. 

No titanium is recovered from 
the scrap charge. 

One other question of detail de- 
serves final comment: H. Allsop has 
reasonably suggested that aluminum 
may have influenced our oxidation 
test results. Accordingly, we have 
analyzed our test samples for that 
element. Although both 321 and 347 
showed apparently equal aluminum 
contents of less than 0.02% (the 


ELONG. 


36,500 4: 19% 


36,500 y 40 


limit of sensitivity of wet analysis), 
spectrographic analyses indicated 
about twice as much aluminum in 
321 as in 347. The difference be- 
tween spectrographic and chemical 
results could have been caused by 
aluminum oxide inclusions, which 
would not show up in ordinary 
chemical analysis. In order to re- 
solve this uncertainty, we checked 
a number of heats of 321 until a 
sample was found which gave no 
spectrographic traces of aluminum. 
This specimen was then tested for 
oxidation resistance at 1850° F. The 
results confirmed those presented in 
the original article. 

To SUMMARIZE: Columbium must 
be conserved and usually can be 
conserved by substituting less stra- 
tegic alloys without adverse effect 
on service life. The successful sub- 
stitution of titanium-stabilized steel 
in severe service in aircraft com 
ponents and chemical process equip- 
ment indicates the desirability of 
re-evaluating all applications in 
which columbium-bearing alloys 
are specified. To paraphrase Mr. 
Evans’ discussion, the working rule 
should be amended to read, “When 
in doubt, do not use columbium- 
bearing alloys”. 

JOHN F. TYRRELI 
Solar Aircraft Co. 
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PRESSURE 


LENAPE sraincess 


VESSEL ACCESSORIES 





Designers and fabricators of 
tanks, pressure vessels and sim- 
ilar equipment are making 
increasing use of Lenape ac- 
cessories and fittings produced 
in Types 304, 316, 347, etc., 
as well as the chrome-irons. 


TYPE "R"” MANWAY 


HANDHOLE AND MANHOLE 
FITTINGS AND COVERS 


WELDING NECKS AND 
WOZZLES 


MANWAY NECKS AND 
WOZZLES 


SADDLES AND RINGS 
STUDDING OUTLETS 
* PRESS-FORMED SPECIALTIES 


TYPE “'R" NOZZLE WITH COVER 


Your prints and specifications 


attention. Catalog 9-49 will 
be sent upon request. 


| will be given our prompt 


LENAPE 


HYDRAULIC PRESSING 
AND FORGING CO. 


LENAPE HYDRAULIC PRESSING & FORGING CO 
DEPT. 103 WEST CHESTER, PA. 





Ideas on Welded Design—For the Engineer? Notebook 


MAKE WELDS SIMULTANEOUSLY 


When both ends or both siaes of an object must be weldec, potn 


welds can often be mace simultaneously. Production can thus be 
doubled — welding time cut in nalf ! 

Two UNIONMELT welding heads or two 
used — with the weldment turning or moving under stationary 
or with the welding units moving over the 


HELIARC torches can often be 





welding equipment, 
workpiece- Here are examples: 


Two UNILONMELT welding neads 
are simultaneously welding Poth 
sides of 4 stake, joining it to 
the side panel of a railroad car- 
The bridge that supports the 
carriage can be easily sniftea 
for welding poth the stakes and 
diagonal side braces- 








Fabrication of aluminum spools 
is speeded by use of two station= 
ary HELIARC welding torches. The 
formed ends are joined to the parrel 
by girth butt welds. The pieces 
are held together over @ backing 
mandrel, and turned under the 
HELIARC torches which make poth 
welds simultaneously- 
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‘Spinnings | 
Take Many 


Forms 





All of them 
save time 
and money 


“Spinning,” as exemplified 
by these Spincraft products, 
is the end result of resource- 
ful thinking . . . for Spincraft 
engineering has a practical, 
economical approach to the 
production of parts that often 
eliminates the need for ex- 
pensive dies or machining. 

If this saving of time and 
money is an incentive to you, 
and you have a part that is 
round or only in part rounded, 
check Spincraft before you 
tool up or reject an idea as 
too costly. Your inquiry is in- 
vited regardless of size or 
metal — and substantial sav- 
ings may be your reward. 


4137 W. STATE STREET 
MILWAUKEE 8, WISCONSIN 


Heretofore known as 
Milwaukee Metal Spinning Co. 


/P 


irhitda 


HEAD Lamp RING — 


@ simple circle , 
pu 
99. stainless, 19” — 16 


CORONA SHIELD . . 
en aluminum Spinning com 
bining hemispherical and 
spherical forms. Made 
280 eluminum, Ve in. thi . 
Overal| length 20 in, = 


4\ 


CONICAL ENVELOPE — 
Spinning for tel 
ty made of 
chrome iron — 


evision indus. 
Ve in. 


oe ee, 


TRANSMISSION HOUSING 
Combining @ cone and o 


hemisphere — made of 
Gouge cold rolled ri 








O[UMBIA 


MOTOR GENERATORS 


for 
Electroplating 
Anodizing 
Electrocleaning 


Electropolishing 


@ TANK 
RHEOSTATS 


@ REVERSING 
SWITCHES 


@ TONG TEST 
AMMETERS - 
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W rite for Descriptive Bulletins 


COLUMBIA ELECTRIC MFG. CO. 


4531 Hamilton Ave. > Cleveland 14, Ohio 








“pU22eR” HIGH SPEED Gos FURNACES 


2400 F. 
attained quickly with 
“BUZZER” Full Muffie 

Furnaces 


Designed primarily for heat treating 
high carbon end alloy steels 


Yo HLOWER oo 


-.. just co 


NECESSARY 
«t te gas supply 


“BUZZER” Atmospheric 
Pot Hardening Furnaces 
assure even heat up to 
1650° F. 
Used for Salt, Cyanide and Lead 
Hardening. Also adapted for 
Melting Aluminum. 





Send for the complete 
“BUZZER” catalog today. 








CHARLES A. HONES, rnc. 


123 So. Grand Ave. Baldwin, L.I., N. Y. 
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a bird in 


With the foresight and imagination that typifies a 
progressive company, Speed Queen Corporation of 
Ripon, Wisconsin, made a careful survey of die 
casting—and decided to bring the operation under their 
own roof—using Lester-Phoenix Die Casting Machines! 


Here's a case where a company with no previous 
experience used the economy and efficiency of the 
Lesters to assure them of successful results. Starting 
with a battery of six Lester-Phoenix Machines, 
Speed Queen was soon able to say, “... as to rate 
of production, we are as good if not better than the 
average field picture and our quality is excellent.” 
Lester-Phoenix service and engineering personnel will 
be pleased to help you, too, set up a successful die 
casting installation in your plant. 


Write for your Free Copy of The Lester Press 


teen | ESTER-PHOENIX DIE CASTIN G MACHINES 


REPRESENTATIVES FOREIGN 

New York Steven F. Kreald Les Angeles Seaboard Machinery Co Terente, Canadas . Medern Teel Works, Lid 
Detroit Theresen-MeCosh wWew Eaciand K bh Sales, I Dewdine & Doll, Lad 
Chicago J. J. Schmidt 8 eS Francis Kiein & Co., Lid 
Cleveland Don Williams 54" Francisco J. Fraser Rae att Scott & Holladay, Lid 
Cincinnati Index Machinery Corp. &t. Louis, Milwacker A. B. Geers Japan. New York W. M. Howitt, Inc 


distributed by LESTER-PHOENIX, INC., 2619 CHURCH AVENUE « CLEVELAND 13, OHIO 
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FURNACES for any production requirement 


The large EF oil-fired rotary hearth furnace pictured above 
is 40 ft. in diameter—heats billets up to 10” by 32” uni- 
formly and efficiently. It has capacity to handle 35,000 Ibs. 
of billets per hour and is equipped with a push-button 
controlled, hydraulically operated charging and discharg- 
ing mechanism. 


Other EF rotary furnaces, with capacities ranging from 
175 to 35,000 Ibs. per hour, are used for scale-free heat 
treating, brazing, billet heating, heating for forging, rolling, 
extrusion and other ferrous and non-ferrous heat treating 
operations. 


We build all types of batch and continuous furnaces. 


For maximum efficiency and economy consult the EF engi- 
The EF “Pan-Dumping™ Rotary Furnace pictured ebove heat treats 250 > » i 

ie, oar beer of Gol, aaene. op cea cies samt aaa Guaman> neers on your next furnace job. 
ically and uniformly. Furnished complete with Quench Tenk, Atmos 

phere Generator end Automatic Controls 








Gas-Fired, Oil-Fired and Electric Furnaces i 
for any Process, Product or Production 


THE ELECTRIC_FURNACE CO. 
& wuson 0 rmn.s.0. Salem - Cher pt 














ARISTOLOY 
STEELS 


® ARISTOLOY 
STANDARD STRUCTURAL ALLOY 


BEARING QUALITY + ALLOY TOOL STEELS 
SPECIALTY + NITRALLOY 


CARBON TOOL « STAINLESS 


MAGNAFLUX = AIRCRAFT QUALITY | wr 


COPPERWELD STEEL COMPANY, warren, on1o 


117 Liberty Street 1578 Union Commerce Building 528 Fisher Building 
New York, New York Cleveland, Ohio Detroit, Michigen 
176 W. Adams Street 7251 General Motors Building 3104 Smith Tower 

Chicago, Illinois Detroit, Michigan Seattle, Washington 
?. O. Box 1633 403 W. Eighth Street Monadnock Building 
Tulsa, Oklahoma los Angeles 14, Californie 


Sen Francisco 5, Calif. 





